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INSIDE 
LOOK 
FLAVORS 
THAT SELL 


Look closely at any successful flavored product. Taste it, compare it. Why is it some flavors have compelling 


consumer appeal? 


IFF flavors sell and resell for two important reasons. They are exciusively designed for your product, your 
markets—and they are the finest flavors available. IFF flavors have created new product lines, improved 
established ones and stimulated brand-building sales the world over. 


To manufacturers interested in selling abroad, IFF can supply your flavor—uniform in taste—from any of its 


plants throughout the Free World. 


For an inside look at flavors designed to sell your products, contact IFF. 


FLAVOR DIVISION 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 
417 Rosehill Place, Elizabeth 2, N. J. 
Leading Creators and Manufacturers in the World eof Fiaver 


| 
at 
\ 
4 
4 
| 
‘ 


...oOn your present Urschel model 


wider range of cut sizes 


..-on the new Urschel model 


now 
new interchangeable parts for: 


DICES (8 sizes) 3/8” —7/16” —1/2” 
FRENCH FRY CUTS (3 sizes) 3/8” —7/16” —1/2” 
JULIENNE CUTS (3 sizes) 5/32” — 3/16” —1/4” 
SLICING —any thickness to 3/4” 


SPECIAL CUTS —3/16” x 3/16” x 3/8” —1/4” x 3/8” x 3/4” 
— 1/8" x 3/4” x 3/4"—1/2” x 1" x 1’ 


} Model G Dicer 
For complete information write: F = 
RSC E: Gentle precision-cutting 
LABORATORIES inc of products up to 11 tons 
VALPARAISO, INDIANA per hevur. 


Designers and manufacturers of precision, high speed cutting equipment for food products. 
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Practical, cost-saving techniques in natural and artificial flavor H KOHNSTAMM&CO INC 
development originate in the Kohnstamm laboratories. More than a ° "9 ° 
First producers of certified colors 


century of experience can shed invaluable light on your present-day 161 AVENUE OF THE AMERICAS, NEW YORK 13, NEW YORK 
needs. Our book of flavor knowledge is open to you. Write today. 11-13 E. Illinois St., Chicago 11; 2632 E. 54 St., Huntington Pk., Calif. 
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President Calls on Members to Assert Influence 


Should Make Talents Available to Relieve 


World Food Problems 


Dr. Harold W. Schultz 


President, Institute of Food 
Technologists 


Now THAT the historical highlights 
of the Institute of Food Technologists during its past 
21 years have been reviewed in the August issue of 
Food Technology, it seems proper to look ahead and 
examine the potentials and pending projects of an 
IFT that has ‘‘come of age.’’ 

It is very possible that many Institute members are 
unaware of the many activities, some of them of 
world-wide scope, now on the IF'T agenda. 

We are planning for the future, working to make 
the role and contribution of you, the food technolo- 
gist, greater and more important in scope and better 
appreciated by industry and the public. We are 
attempting to shape the course of IFT so that it will 
take its rightful place as a force for improving the lot 
of mankind. We are trying to build up the ‘‘image’’ 
of the food technologist in the mind of the student and 
future scientist. 

Some projects have already advanced along many 
lines, because of having been initiated through the 
foresight of previous officers and councils. Others are 
being formulated and implemented by committees as 
outlined in this preview of IFT programs. 

Food being as important as it is in many of the 
world’s problems, we, as members of the only world- 
wide society of food scientists and technologists, 
should make our talents available and assert our in- 
fluence more effectively on a broader front. Ways in 
which this can be done are being analyzed by a new 
Ad Hoe Committee to Study the Possible Role of the 
IFT in Assisting Governmental and World-Wide 
Food Programs. The first assignment for this com- 
mittee of especially qualified persons, under the chair- 
manship of Dr. H. C. Diehl, is to explore and define 
all of the areas where the IFT could, because of its 
unique membership and objectives, contribute to the 
solution of important problems involving foods, and 
recommend procedures for making these contributions. 

The Institute’s role in helping solve the problems 
of world feeding involves cooperation with FAO, 
UNICEF, WHO, ICA, and others. The Food For 
Peace program of President Kennedy is being en- 
larged and made a more effective aid to the emerging, 
freedom-seeking nations of the world, and we, as mem- 
bers of the IFT, can give great assistance to govern- 
ments in their efforts to help the less fortunate people 
of the world. 
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COOPERATION WITH GOVERNMENT 


It is a known fact that governments want countries 
to be self-sufficient. The IFT can help promote such 
self-sufficiency by giving active aid to food industries 
in less developed countries. For example, there is a 
need for a better understanding of quality factors in 
foods if we are to encourage international trade and 
exchange. We also need to promote a greater under- 
standing of the use of additives and improved tech- 
niques by the food industries of other lands. These 
and many other subjects may be explored during the 
First International Congress of Food Science and 
Technology, in 1962. 

This is an ambitious program that offers an oppor- 
tunity to serve mankind as well as fulfill the objee- 
tives of the IFT. Our very participation in attacking 
broad world-wide problems is bound to improve the 
professional standing and status of food technologists 
everywhere. 

The Institute will continue its liaison with certain 
U.S. agencies such as the Food and Drug Administra- 
tion and the Civii Defense Administration with a view 
to giving even greater assistance to these agencies in 
their programs. I am strongly of the opinion that 
many agencies have problems that our scientifically 
trained personnel could help solve. And, of course, 
the U. S. Departments of Agriculture, Health, Edu- 
eation, and Welfare, and Interior all have other pro- 
grams to which the Institute of Food Technologists 
ean offer real assistance. Comparable agencies in 
other countries and the United Nations might also be 
aided. 

It should be made clear that we have no plans to 
dabble in legislative matters, and wish only to render 
assistance in food programs as a qualified society of 
food scientists and technologists can do. 


INTERNATIONAL CONGRESSES 


The IFT is active in promoting international food 
science and technology congresses through a special 
committee under the joint chairmanship of Drs. E. M. 
Mrak and G. F. Stewart. The first Congress will be 
held in London, England, in September, 1962. It will 
be sponsored by the Food Group of the Society of 
Chemical Industry (Great Britain). 
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ENHANCE PROFESSIONAL STATUS 


A Committee on Professional Relations and Status, 
under the chzirmanship of Dr. Gale R. Ammerman, is 
charged wiih the responsibility of originating or con- 
sidering suggestions intended to improve the profes- 
sional standing and status of food technologists. Per- 
sonally, I believe that food technologists have both 
professional standing and high status, but we must 
promote a greater awareness of that standing and 
status with management and the public. 

A major objective of this committee will be pro- 
viding more direet service to the IFT membership. 
As I see it, this can be done by a continuous investi- 
gation and collection of data regarding potentials for 
food technologists, engineers, and scientists, employ- 
ment patterns, salaries, and enrollment of students 
studying food technology, food science, and food 
engineering. 

In a second area, there might be included studies 
of academic and professional improvement programs, 
employment services, job classifications and deserip- 
tions, and ethical and professional behavior. 


PLAN TEACHING CONFERENCE 


Plans are under way to sponsor a nation-wide con- 
ference during the coming year on the teaching of 
food technology. The importance of such an under- 
taking seems obvious 

Such a conference is but one of the many activities 
being planned by the Committee on Education to im- 
prove teaching of food science and technology and 
stimulate student enrollment. Under the chairman- 
ship of Dr. B. S. Schweigert, this group will make the 
processing industries more aware of their responsi- 
bility to get more students into food science and tech- 
nology. With a few exceptions, colleges and univer- 
sities have been left on their own to find out how to 
advertise and promote their curricula in food tech- 
nology. In order to attract bright young people to 
the field of food technology, we not only need the co- 
operation of industry—we need its leadership. 

This leadership, this cooperation, should be offered 
by the food industry as a matter of self-interest. The 
industry seems not to have recognized that the need 
for scientists and technologists is great—greater than 
the demand, in my belief. If the need is not fulfilled, 
then the industry may find itself in dire straits. 


Food and Agriculture 


FOOD SCIENCE ABSTRACTS 


Dr. John Ayres is chairman of a new Ad Hoe Com- 
mittee on Food Science Abstracts. Its immediate ob- 
jective will be to study all possible ways by which the 
world’s food scientists and technologists can be pro- 


vided with up-to-date abstracts of all literature im- 
portant to their field. I feel that the Institute can and 
should be a leading influence in solving the many 
problems that exist regarding food science abstracts. 

In connection with abstracts, I should express my 
conviction that the value of the Institute’s two jour- 
nals—Food Technology and The Journal of Food 
Science—cannot be overestimated. Many changes are 
planned for the two leading publicaions. The pri- 


United Nations 
Children’s Fund 


mary purpose of the changes will be better service for 
the membership of the Institute, the food industry, 
and food scientists and technologists throughout the 
world. The continuing improvement to be seen in 
forthcoming issues of the journals will be studied and 
recommended by the Committee on Publications 
under the chairmanship of Dr. Howard Spencer and 
will be implemented by Dr. George F. Stewart, Execu- 
tive Editor. 


SCHOLARSHIPS HELPFUL 


The ten IFT undergraduate scholarships, awarded 
for the first time to freshmen entering college in the 
Kall of 1961, are proving to be very helpful in stimu- 
lating interest in food technology as a career. Where 
qualified applications exceeded the maximum number 
(four) allotted each school, the food industry has 
been appealed to and has helped get those good stu- 
dents into the department by awarding additional 
scholarships. This is a most satisfying result. 

I beiieve I should make it clear, however, that it 
was not just offeriing the IFT scholarships that pro- 
duced these results—they had to be ‘‘merchandised.’’ 
Where most successful, representatives of the food 
industry who are members of IFT went from high 
school to high school with application forms and other 
material searching out students who were interested 
or could become interested—in food technology. Ob- 
viously, they found them! 

What these ‘‘recruiters’’ did is something that can 
be done by any Section or any IFT member. A 
brochure, ‘‘Food Industry Careers in Food Tech- 
nology,’’ is available from the Institute’s Chicago 
headquarters, and this, together with application 
forms for the scholarships and other information, can 
be most helpful in inducing students to give consider- 
ation to the field of food technology. 

The IFT must expand, and is expanding, this pro- 
gram. We must encourage industrial companies to do 
likewise. There is much we can and will do to tie our 
program into those of the High School Science 
Teachers Association, the Future Scientists of Amer- 
ica, and similar organizations dedicated to attracting 
young people to scientific fields. As previously indi- 
cated, the Committee on Education is looking into all 
possibilities. 
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Vitamin A man 


G. G. R. Smith heads our vitamin blending department and 
has headed it for many years. He is the master of the great 
tanks that receive our production of Myvax® Vitamin A Pal- 
mitate and Acetate. He supervises the valving of their contents 
into cans labeled ‘‘Myvapack® Vitamin A.” He sees that each 
can gets exactly what is required to fortify exactly one batch 
of a given customer plant's product. He knows by heart each 
customer's different needs, each customer's current decision on 
colorants, added vitamin D, other approved additives. He 
wants to learn your needs, too, if the opportunity has thus far 
been denied him. 

Distillation Products Industries, Rochester 3, N. Y. Sales 
offices: New York and Chicago « W. M. Gillies, Inc., West 
Coast ¢ Charles Albert Smith Limited, Montreal and Toronto. 


leaders in research and 
production of vitamin A 


Distillation Products Industries 
is o division of Eastman Kodak Company 
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GREAT GROWTH POTENTIAL 


Because of the great growth of the food industry, 
and particularly the increasing importance of re- 
search and development, I cannot help but feel that 
the IFT has a great growth potential and will inevita- 
bly see its membership increase spectacularly in the 
next few years. Some members believe we can easily 
have over 10,000 members. Maybe this is the goal we 
should set. Whatever the goal is, it can be reached 
only if we have a carefully planned and executed 
membership program. Such a program is being 
studied by the Membership Committee under the 
chairmanship of Dr. Bruce Morgan. 

This year, for the first time, the IFT has embarked 
on an organized publie relations program. With the 
professional guidance of Merryfield-Wood & Associ- 
ates, Chicago, the specific projects to be undertaken 
to achieve certain broad objectives are being deter- 
mined with the aid of the Committee on Publie Rela- 
tions, under the chairmanship of L. B. Sjéstrém, and 
the Executive Committee as well as other key groups. 
The objectives would be: improving the status and 
image of the food technologist ; promoting the interest 
and appreciation of industry in food technology ; in- 
teresting and recruiting students in our profession ; 
alerting the public to the immense contribution of 
food science; strengthening and expanding the IFT; 
promoting and publicizing the Annual Meeting; and 
aiding Regional Sections in their activities. It is ex- 
pected that some projects will be under way before 
the end of the year. 


World Health 


Organization 


OPTIMISTIC OF FUTURE 


Do not underestimate the importance of continuity 
in planning and carrying out activities of an organi- 
zation such as ours. Be assured that your President- 
Elect, Dr. John Jackson, is being constantly informed 
of the plans contemplated and is given every oppor- 
tunity to participate fully in the formulation of plans. 
Not all activities of the LIFT can be covered here. 

As I view the prospects for the years ahead, I can- 
not help but be impressed and optimistie. Accom- 
plishments of the past—there have been many many 
notable ones—provide ample proof that high ideals 
and important goals can be attained by the IFT. Our 
potential for service and for growth seems to me to be 
almost limitless. If we offer and deliver the services 
of which we are capable, we will reap our own rewards 
in the form of increased stature and professional 
standing. We will gain it in the membership growth 
that is bound to come as potential members gain a 
greater awareness of the contributions we are making 
to the welfare of mankind and in the quiet satisfaction 
that comes from a knowledge that our work has been 
well done! 
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When not to use our emulsifier 


The nice, stiff pudding at the left does nor contain any 
of our Myverol® Distilled Monoglycerides. The starch amy- 
lose molecules set free during cooking have congregated 
into a jelly-like matrix that gives the pudding its texture. 
If this is the way you like a pudding to be, don’t put 
Myverol into it. 

The syrupy, runny pudding at the right does contain 
only 0.4% of Myverol Distilled Monoglycerides, Type 18-00. 
Notice the effect on texture.* Free dissolved amylose has 
gone into hiding, complexed so securely by high-purity 
monoglycerides that even the familiar blue-color test can 
scarcely find it. 


This might give someone an idea for engineering the 
texture of a starch-based sauce, fountain syrup, or gravy. 
You can control it—more emulsifier, less viscosity. 

These emulsifiers are safe. We prepare them by glycer- 
olysis of vegetable and animal food fats. You can use 
them without worrying about the Food Additives 
Amendment. For samples, information, and prices, write 
Distillation Products Industries, Rochester 3, N. Y. 
Sales offices: New York and Chicago « W. M. Gillies, 
Inc., West Coast ¢ Charles Albert Smith Limited, Mont- 
real and Toronto. 


*Curiously enough, just the opposite is true with choc- 
olate sauce. More monoglycerides, more viscosity. 


distillers of monoglycerides 
made from natural fats and oils 


Also ... vitamin A in bulk 
for foods and pharmaceuticals 


Distillation Products Industries is a division of Eastman Kodak Company 
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Dickerson 


Sinskey Dobrot 


Higgins 


Thirteen prospective food technologists are begin- 
ning the current school year with financial assistance 
in the form of scholarships and fellowships adminis- 
tered by the IFT. The awardees will receive a total 
of $22,000. 

Competition for these awards was more intense this 
year than in any year sinee the IFT began adminis- 
tering them. Twenty-one undergraduates applied for 
the eight undergraduate awards, and forty-two appli- 
cations were received for the five graduate awards. 

General Foods Fellowship Awardees, each of whom 
will receive $4,000, are: Donald R. Dickerson, Charles 
D. Stone, and Steven R. Tannenbaum. 

Donald R. Dickerson will study at the University of 
Illinois, and plans to follow a career of academic or 
industrial research. He is married and the father of 
two children. 

Charles D. Stone, who earned his B.S. from the Uni- 
versity of Georgia and M.S. from Florida State Uni- 
versity, will return to Georgia, where he has been 
accepted as a prospective candidate for a Ph.D. in 
food technology. He is married, and a member of 
several honorary and professional organizations in- 
eluding the IFT. 

Steven R. Tannenbaum, a native of the metropoli- 
tan New York area, will continue studies at the 
Massachusetts Institute of Technology, where he has 
been studying for the past several years. He is mar- 
ried, and plans to finish work toward a Ph.D. He is 
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Labuza Roehm 
a two-time winner, for he received the Florasynth 
Fellowship for the 1960-61 school year. 

Kenneth W. Lebermann, as the 1961-62 Flora- 
synth Fellowship Awardee, will return to the Univer- 
sity of Illinois, where he completed requirements for 
a B.S. After earning his B.S., Lebermann completed 
studies for an M.S. at the University of California. 
He is another individual familiar to many IFT mem- 
bers, for he was winner of a 1958-59 Gerber IFT 
Undergraduate Award and was last year’s Samuel 
Cate Prescott Fellowship Awardee. Each of Mr. 
Lebermann’s awards has been valued at $1,000. 

Sverrir Vilhjalmsson, a native of Iceland, has been 
awarded the $1,000 Samuel Cate Prescott Fellowship 
for the coming school year. He attended schools in 
Iceland, but earned his B.S. from Cornell University. 
Since then he transferred to the University of Cali- 
fornia, where he will study under the fellowship. On 
completion of his studies he plans to return to Ice- 
land and work in the area of food research or food 
processing. 

Four students are beginning a second year of 
studies under the auspices of Gerber IFT Under- 
graduate Awards. Each award is valued at $1,000. 
Eligibility is restricted to outstanding undergradu- 
ates who have achieved at least Junior standing and 
are pursuing studies leading to a Bachelor of Science 
degree in food technology, food science, or food engi- 
neering. It is of interest to note that each of the four 


Stone Tannenbaum Lebermann Vilhjalmsson Bruhn Galbreath 
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DRAMATIC SAVINGS are being made by large 
food processors and meat packers who have 


switched to FRITZSCHE’S new line of essential ALLSPICE 


(Pimenta Berries) 
BASIL 


SUPERESINS® 
CAPSICUM 
‘ CARAWAY 
When extended on a dry soluble carrier (such CARDAMOM 
as salt or anhydrous dextrose), these carefully CELERY 
CINNAMON 
CLOVE 
corresponding natural spices pound for pound. CORIANDER 
By using them, manufacturers can now pre- CUMIN 
; ‘ DILL SEED 
pare their own dry soluble spices as needed, FENNEL 
thus eliminating the higher cost, bulk stor- GINGER 
MACE 
MARJORAM 
ated with the commercially made offerings. NUTMEG 
SAGE 
THYME 


oil — oleoresin mixtures... 


controlled, standardized materials replace the 


age and deterioration problems often associ- 


SUPERESINS® are made in our Clifton plant 
from the finest grades of selected spices 


and all conform ifications The above SUPERESINS® are 
> to Federal Speci available in 5 gal. (35 Ib.) 
EE-S-645. Examine the accompanying list steel pails with pouring 
spouts and covers. 

and then write us on your letterhead for free 


test samples of those that interest you, 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME IN FLAVORS SINCE 1871 


76 NINTH AVENUE NEW YORK 11, N.Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, IIl., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Plants: Clifton, N. J. and Buenos Aires, Argentina. 
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NEW KLENZADE APPROACH 


MILK 


SANITATION SURVEYS 


Put Today's Best Methods 


TO WORK FOR YOU 


The economics of dairy processing are forcing a sharper 
look at cost reduction and quality control. Klenzade is in 


tune with this forward trend . . . ready to help you... 
in all departments. Somewhere within the range of manual 
cleaning .. . CIP cleaning . . . semi-automatic . . . or fully 
automated cleaning ... there is an ideal set-up for you. A 
Klenzade Sanitation Survey will reveal it — what to do, 
how to do it. And a Klenzade Program will place in your 
hand positive daily control of clean-up costs and quality 
+ » « $0 far reaching and efficient that it will even include 
the trucks in your garage. Write for details. 


_— 
E I'M INTERESTED IN A SANITATION 
SURVEY for QUALITY & COST CONTROL 


INDIVIDUAL 


POSITION 


COMPANY 


ADDRESS 


Mail to : KLENZADE PRODUCTS, INC. 


Systematized Sanitation All Over the Nation 


DEPT. 22J BELOIT, WIS. 
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individuals who earned a renewal has expressed an 
interest in continuing studies upon completion of 
requirements for a Bachelor of Science degree. 

Gerber IFT Undergraduate Award renewal plaques 
for 1961-62 go to John C. Bruhn, Michigan State Uni- 
versity ; John W. Galbreath, University of Georgia; 
Lynn W. Higgins, University of California; and 
Tony J. Sinskey, University of Illinois. 

Two new names are added to the Gerber list for 
the coming school year. They are Johanna M. Dobrot, 
who will study at Oregon State University, and 
Leo W. Quirk, who will study at the University of 
Illinois. Miss Dobrot, a native of Oregon, is active in 
several campus organizations. She plans to continue 
studies in food technology until acquiring a Master of 
Science degree in the subject. Quirk was born in 
Urbana, Illinois, and has completed two years of ac- 
tive duty in the Army. After earning a B.S., he also 
plans further study as a graduate student. 

Theodore P. Labuza, 1960-61 Dodge & Oleott 
Scholarship winner, has been named 1961-62 winner 
of the $1,000 award. He has been placed on the Upper 
Dean’s List on several occasions and will continue 
studies at the Massachusetts Institute of Technology. 

Jeffrey N. Roehm is the 1961-62 winner of the 
$1,000 Alexander E. Katz Scholarship. Upon com- 
pletion of requirements for a degree, he anticipates 
either further study or entering the area of manage- 
ment within the food industry. Jeffrey is attending 
Oregon State University. 


FOR RICH NATURAL COLORING ... 


TWITCHELL’S 
POWDERED 


CARAMEL 
COLOR 


Twitchell’s Caramel Color imparts a rich color 
to food products . . . ranging from a light 
tan to dark brown. Leading food processors 
use this natural color. It is made entirely from 
dextrose, under controlled conditions. 


TYPICAL USES 
* Powdered Desserts * Dehydrated Soups 
* Dry Cake Mixes * Bouillon Powders 
¢ Powdered Coffee and other beverages 
* Powdered Gravy Seasonings 


TWITCHELL co. 


CRESTMONT & HADDON AVES. - CAMDEN 4, N.J. 
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seasoning 
a science 


e ability to create and produce a seasoning 
meet your exact needs, plus the assurance 
t it is in compliance with Food Additive 
ws—IS A SCIENCE AT STANGE. 
The ability and versatility to produce 
sonings such as Soluble, Liquid, 50-A 
croground® and Ground for all types of 
ished products JS A SCIENCE AT 
ANGE. 

“he technical skill to control the flavor 
ency of each and every shipment to pre- 
> specifications—ZJS A SCIENCE AT 
ANGE. 

“he talent to create . .. the skill to 
duce .. . and the flexibility to fit your 
ds—IS THE MOTTO AT STANGE. 


WM. J. STANGE CO., Chicago 12, Ill. 
Paterson 4, N. J.—Oakland 21, Calif. 
Canada: Stange-Pemberton, Ltd., Toronto, Ont. 
Mexico: Stange-Pesa, S. A., Mexico City 


Microground Spice® NDGA Antioxidant® Ground Spice 
Cream of Spice Soluble Seasoning® 
Peacock Brand Certified Food Color® 
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The Roche Review 
of Enrichment Requirements 


for Cereal Grain Foods in the United States 
All figures represent milligrams per pound 


Thiamine Riboflavin — 
Niacin 
Min. Max. Min. Max. Min. Max. 


Enriched BREAD 
or other baked 
products 


Enriched FLOUR! 


Enriched FARINA 


Enriched 
MACARONI 
& NOODLE 
Products? 


Enriched 
CORN MEALS 


Enriched 
CORN GRITS? 


Enriched 
Milled 
WHITE RICE‘ 


ae * No maximum level established. 
** The requirement for vitamin B, is optional pending further study and 
blic hearings because of certain technical difficulties encountered in 

he application of this vitamin. 


1 Vitamin D and calcium may also be used. In enriched self-rising flour, 
calcium is required between limits of 500-1500 milligrams per pound. 


2 Levels allow for 30-50% losses in kitchen procedure. 


3 Levels must not fall below 85% of minimum figures after a specific test 
described in the Federal Standards of Identity. 


4 The Standards state that the rice, after a rinsing test, must contain at 
least 85% of the minimum vitamin levels. The Governments of Puerto Rico 
and the Philippines also require this rinsing test. If the method of enrich- 
ment does not permit this rinsing requirement to be met, consumer size 
packages must bear the statement, “Do not rinse before or drain after 
cooking.” Rice enriched by the Roche method will meet the rinsing test. 
The South Carolina law does not require a rinsing test on packages of less 
than 50 pounds, as the rice in small packages is presumed to be suffi- 
ciently clean. 


ENRICHMENT 
ANNIVERSARY 
BROCHURE 


Send for your 

free copy of the 

Roche Enrich- 
ment Anniversary Brochure. It 
provides a brief, interesting, 
authoritative account of the 
history of enrichment and the 
benefits it provides to man... 
Also ask for reprints of the Roche 
Review of Enrichment Require- 
ments which has been published 


since the early days of enrich- 
ment as a service to the cereal 
grains industries. Write to the 
Department of Nutritional Edu- 
cation, Hoffmann-La Roche Inc., 
Nutley 10, New Jersey. 


me 


The maximum and minimum levels shown above for enriched bread, 
enriched flour, enriched farina, enriched macaroni, spaghetti and 
noodle products, enriched corn meal and corn grits and enriched 
rice are in accordance with Federal Standards of Identity or State 
laws. Act No. 183 of the Government of Puerto Rico requires the 
use of enriched flour for all products made wholly or in part of 
flour, including crackers, etc. 


PRINTED IN U.S.A. 
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New Continuous Production Facility for Processing 


“Instant’ Precooked Beans 


Scunnric ADVANCES in the fields 
of nuclear energy and missile technology have had 
unprecedented effect on basic U. S. military concepts. 
Strategy is now based on highly armed, relatively 
small combat teams capable of swift mobility and 
rapid dispersion. These teams must be able to carry 
all their fighting equipment and subsistenee supplies, 
and be self-sufficient for extended periods. 

Because of the change in military tactics, new feed- 
ing systems have had to be developed. Surveys showed 
that dehydrated foods seemed best suited to the prob- 
lem. Concentrated in form, light in weight, and easy 
to ship and earry, dehydrated foods can be designed 
to give maximum utility for individual or group feed- 
ing systems. They can be used alone or as components 
of compact, ready-to-eat meals. At the same time, 
they do not require refrigeration, and they have excel- 
lent storage stability under all climatic conditions. 

The ration-dense properties of dehydrated foods 
have proven especially valuable to the growing U. 8. 
nuclear submarine force in terms of savings in space, 
weight, and refrigeration. These advantages also 
apply to other branches of the Armed Forces, and are 
intrinsic to dehydrated foods. 

There is an equally great potential for dehydrated 
foods in civilian use, and they are destined to play a 
key role in the growing field of convenience foods. 

The Industrial Preparedness Study on Precooked 
Dehydrated Legume Vegetables (Lima, Navy and 
Small Red Beans) reported here was initiated by the 
U. S. Quartermaster and Container Institute to de- 
velop new feeding systems to meet changing logistical 
requirements. 

The Study had it origin several years previously in 
a research program aimed at developing ‘‘instant’’ 
precooked beans for use in operational rations. The 
preliminary investigations were reported in Foop 
Nov. 1956, in ‘‘ Preparation and Evalu- 
ation of Precooked Dehydrated Bean Products,’’ by 
C. Feldberg, N. W. Fritzsche, and J. R. Wagner. 
These investigators found that precooked beans split 
wide open immediately upon their introduction into 
an air dehydrator. This splitting is known as ‘‘but- 
terflying.’”’ 

‘*Butterflying’’ is caused by the differential rate of 
drying between the skin and cotyledon. The skin dries 
rapidly and contracts. The slower-drying interior de- 
velops vapor pressures of such magnitude as to rup- 
ture the skin and produce the ‘‘butterflying’’ effect. 


W. R. Dorsey, S. |. Strashun, 
R. L. Roberts 
Vacu-dry Co., Oakland, California 
and 
K. R. Johnson 


Quartermaster Food and Container Inst., 
Chicago, Illinois 


In the study reported here a freezing step was 
inserted between the precooking and dehydration 
operations to overcome ‘*butterflying.”’ This proved 
effective in reducing the degree of splitting in the 
beans 

Because the freezing step added extra costs in 
handling and processing, the problem was then 
approached by introducing high-humidity dehydra- 
tion conditions during the initial drying stages. It 
was hoped that high humidity would retard the rapid 
drying of the skin, helping maintain its initial flexi- 
bility, and that when sufficient internal moisture had 
evaporated the internal forces would be reduced to a 
level where skin rupture would not occur. 


COMMERCIAL FEASIBILITY STUDIED 


The commercial feasibility of preparing both pre- 
cooked dehydrated lima and navy beans by the pre- 
frozen and high-humidity techniques was the objec- 
tive of two Industrial Preparedness Studies for each 
of the beans. The studies were made by Vacu-dry 
Company and submitted to the Government in 1959. 
The results with navy beans were projected to, and 
tested on, small red beans. Each study discussed 
manufacturing processes, equipment requirements, 
operational considerations, personnel needs, and costs. 
Data for use in establishing specifications for each 
legume were also provided. 


IMPORTANT CONCLUSIONS REACHED 


Some of the more important conclusions reached in 
the studies were: 

1) Navy and small red beans should be blanched 
before soaking. 

2) The High-humidity Dehydration Process was 
unacceptable. 

3) The production of precooked dehydrated legume 
vegetables by the pre-frozen technique is commercially 
feasible. 

4) The production cost of precooked dehydrated 
beans can be substantially reduced if the complete 
operation, including the freezing phase, can be con- 
ducted at the dehydration plant. 


BLANCHING BEFORE SOAKING 


Vacu-dry Company introduced the blanching step 
primarily to ensure complete rehydration of navy and 
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red beans in the subsequent soaking operation. Prior 
to the use of this technique, the degree of rehydration 
was variable. 

The blanching operation also produced a product 
with better storage stability than in unblanched beans. 
This provided a clue to solving a problem of great 
concern to the Institute. The principal difficulty en- 
countered with precooked dehydrated navy and small 
red beans was rapid development of an unacceptable 
flavor and odor within 2 to 3 weeks at 100°F. The 
deterioration was presumed to be oxidative in nature 
and was attributed to the absorbed oxygen tightly 
held by the beans even when subjected to vacuum or 
nitrogen packing conditions. 

The blanching operation revealed the possibility of 
lipoxidase enzyme activity in the rapid deterioration 
process. Research by the Chemistry and Microbiologi- 
eal Branch, Food Division, Quartermaster Food and 
Container Institute, revealed that this was actually 
the case. The results of this research were published 
in the December 1960 Activities Report, a quarterly 
publication of the Institute, in a paper titled ‘‘ En- 
zyme-Catalyzed Oxidation in Legumes—The Implica- 
tions of Lipoxidase <Activity,’’ by Robert B. Koch 
and Bruno Gini. 

As a result of these findings, navy beans and small 
red beans are now routinely blanched for 15 minutes 
in atmospheric steam prior to soaking. 


HIGH-HUMIDITY PROCESS UNACCEPTABLE 


The High-humidity Process is considered unaccepta- 
ble because : 

1) ‘‘Butterflying’’ was not sufficiently reduced to 
warrant its adoption. 

2) The drying time was prolonged. 

3) The use of live steam raised havoe with the 
structural components in the first compartment of the 
dehydrator. 

Fig. 1 shows a cross section of a Proctor-Schwartz 
Dehydrator similar to the one used in the study. 


DEHYDRATOR 
A&B— ORYING SECTIONS 
c — COOLING SECTION 


CONTINUOUS AIR 


Fig. 1. This dehydrator is similar to that used in investi- 
gating the high-humidity dehydration process for ‘‘instant’’ 
precooked beans. The process proved unacceptable. 


High-humidity conditions were obtained by injecting 
live steam into the air stream of the first compart- 
ment. The degree of humidity was achieved both by 
recirculating part of the air within the compart- 
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ment, and by metering the amount of steam injected 
into the air stream. A hygrometer controller acti- 
vating the live steam line was used to obtain the de- 
sired relative humidity of 70% at 163°F. 

Dehydration time within the compartment under 
high humidity was 15 minutes. Time was set by con- 
trolling the rate of belt movement. This rate was 
identical for the second compartment because it was 
serviced by the same belt. 

The rate of speed of the second belt (Fig. 1) could 
be reduced, but when reduced the belt loading was 
increased from an initial 1144 inches deep to about 6 
inches deep. This depth slowed drying. 

Drying time was about 6%4 hours (Fig. 2), and the 
production rate of finished product was about 500 
pounds per hour. 


DEHYDRATION OF PRECOOKED NAVY BEANS 
High-Humidity Process 


60 at 160° F 


Water Content, Percent 
a 


te} ' 2 3 4 5 6 7 


Drying Time, Hours 


Fig. 2. Curve shows length of drying time for the high- 
humidity process in the dehydration of ‘‘instant’’ precooked 
navy beans. The drying-time faetor was one of the reasons the 
process was not considered acceptable. 


FLOW SHEET 


PRE-FROZEN DEHYDRATION 
BEANS, NAVY, PRECOOKED, DEHYDRATED 
DEHYDRATION PLANT PHASE 


.F.Q. NAVY BEANS 
HOPPER & SYNTRON 
CONVEYOR 
CONTINOUS DEHYDRATOR 
CAN 
‘Fig. 3. Tho production of proseched dehydrated beans by 


the pre-frozen technique proved commercially feasible. Figure 
shows the process used. 
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HYDROLYZED PLANT PROTEINS 
improve MEAT, FOWL, SEA FOOD 


flavors with substantial savings 


Here at last is a series of flavor contributors that 
often taste more like the original than the original 
itself. Newly developed but already proven in 
extensive production use, Maggi’s Hydrolyzed 
Plant Proteins offer unusual clarity of flavor, 
intensify desirable flavor characteristics and pro- 
vide a cleaner taste generally. 

Produced by a unique process, Maggi’s bulk 
hydrolysates are completely dependable — always 
uniform and unchanged by processing methods — 
and lack the typical flavor normally associated 
with hydrolyzed plant proteins. 

Maggi’s fills a long-felt need in the food indus- 


try, offering substantial savings along with its 
many other advantages. In beef products, for 
example, Maggi’s Type 4-BE can replace a con- 
siderable amount of beef extract while imparting 
a cleaner, clearer, meatier flavor. 

Whatever your formulation — in beef, veal, 
pork, fish or fowl — Maggi’s Hydrolyzed Plant 
Proteins will enhance its flavor and lower your 
costs. The technologists who developed Maggi’s 
will be glad to assist you with your formulations. 

Write for free samples and data to: The 
Nestlé Company, Inc., Bulk Division, White 
Plains, N. Y. 


REPLACE COSTLIER MATERIALS 
in beef products with Types 
4-BE and 4-BE2; flavor is 
always cleaner, clearer, 
meatier, unchanged by proces- 
sing; doesn’t vary in quality, 
uniformity, taste. 


FOWL AND SEA FOOD BENEFIT 
from the unique properties of 
Type 3H-3. Light in color and 
light in flavor, it offers fowl 
and sea food products the ad- 
vantages of cleaner and clearer 
taste. 


MAGGI'S HYDROLYZED PLANT PROTEINS AVAILABLE IN LIQUID, PASTE OR POWDER 


CLEANER AND CLEARER FLAVOR 
in pork and veal products with 
Type 3H-1; lighter colored, 


medium strength meaty back- 
ground; enhances but does 
not intrude on flavor of 
end product. 


Prepared by the makers of world famous NAGGI seasoning 


THE NESTLE COMPANY, INC. 


WHITE PLAINS, 


MORE THAN A SUBSTITUTE q 
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PRE-FROZEN TECHNIQUE COMMERCIALLY 
FEASIBLE 


The production of precooked dehydrated beans 
with the pre-frozen technique was found to be com- 
mercially feasible. Fig. 3 shows the process used. The 
beans were received at the plant in a precooked, indi- 
vidually quick-frozen condition. They were simply 
metered into the dehydrator at a rate of 2000 pounds 
per hour. Finished-product rate was about 1000 
pounds per hour. 

Fig. 4 shows the drying cycle. The beans dried to 
about 4 percent moisture in about 4 hours at 163°F. 


DEHYDRATION OF FROZEN 
PRECOOKED NAVY BEANS 


ot 160° F 


Percent 


ntent 


Water 


Drying Time, Hours 


Fig. 4. The drying cyele using the pre-frozen technique in 
the production of ‘‘instant’’ precooked navy beans. This 
method substantially reduced the degree of ‘‘ butterflying.’’ 


One of the most important advantages of the pre- 
frozen technique was that the degree of *‘butterfly- 
ing’’ was greatly reduced. Upon subsequent rehydra- 
tion of the end product, the beans resumed their nor- 
mal cooked shape and the splitting was barely visible. 


REDUCED PRODUCTION COST 


The cost of production of precooked dehydrated 
beans can be reduced substantially if the complete 
operation, ineluding the freezing phase, can be con- 
ducted at the dehydration plant. 

In the studies reported here, the individually quick- 
frozen beans had to be prepared at a freezing plant 
because the dehydration plant used in the studies was 
not equipped with freezing facilities, This created 
a serious production scheduling problem. 

The freezing plant had to perform all the prelimi- 
nary operations prior to freezing. Though it had the 
facilities for blanching, soaking, and freezing, they 
were not in the correct physical location to each other. 
The freezing plant, in turn, did not have pressure 
cooking equipment, so this had to be supplied by the 
dehydration plant. 
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A special line had to be installed to include all of 
the processing equipment in its correct sequence, and 
modifications had to be made to ensure uniform 
product flow at realistie rates. 

It was virtually impossible to superimpose this task 
upon the full production load at the height of the 
harvest season. This meant that the beans had to be 
processed through the freezing stage during lulls, or 
during the off-season, and put in frozen storage 
against the needs of the dehydration plant. 

Conducting the total operation from dry bean to 
finished product under one roof would permit better 
control and greater flexibility of operation, and, most 
important, reduce costs of transport, frozen storage, 
installation, double overhead, and extra processing. 


LIMA BEANS A SPECIAL PROBLEM 


Lima beans created a special problem. In_ this 
study, the fresh bean was required instead of a dry 
bean, as with small red and navy beans. This tied the 
limas right into the harvest season. 

In addition, specifications called for only small lima 
beans, 30/64 to and ineluding 34/64 inch in width, or 
medium beans, 34/64 to and including 38/64 inch in 
width. The dehydration plant was thereby barred 
from direct acquisition of lima beans from the grower, 
because it had no outlet for over- or under-sized 
beans; and this meant that any economie loss result- 
ing from this lack of an outlet would have to be ab- 
sorbed by adding to the cost of the beans that met 
specifications. To meet these specifications, the de- 
hydration plant must turn to the frozen lima bean 
packer for its source of fresh beans. 


The frozen lima bean packer grades by quality but 


does not normally size-grade his beans. However, he 
can size-grade them by prior arrangement. More- 
over, he has channels for selling the beans that do 
not meet size specifications. 

Since the frozen lima bean packer blanches his 
product, it is fairly easy to extend the blanching 
operation to a full cook. That can be done without 
any changes in the processing, and usually without 
sacrificing rate of through-put. 

Lima beans, unlike small red and navy beans, have 
to be sulfited before dehydration. The best time to do 
this is right after the cooking operation and before 
freezing. The packer will initially require some as- 
sistance from the dehydration plant to ensure that the 
right concentration of sulfur dioxide is added to the 
beans. It can be applied in the form of a sulfite spray 
as the beans pass over a belt. 

By following the procedures outlined above, the 
dehydration plant will receive from the frozen lima 
bean packer individually quick-frozen lima beans 
properly sized and prepared and ready for dehydra- 
tion. It will then be merely necessary to meter the 
frozen beans into the dehydrator without any addi- 
tional preparation at the dehydration plant. 
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Has the cost of using MSG stopped you from improving 
the flavor of your products? Better take a new look at 
MSG economics as shown in our graph. While most 
food processing costs have sharply increased during the 
past decade, MSG has steadily decreased and leveled off. 

At today’s prices, your product can benefit from the 
addition of Merck MSG for only 1-2 mils per pound of 
finished product—little enough compared to the decade’s 
high when MSG cost nearly twice as much. 

When you decide to re-evaluate MSG for your prod- 


54 ‘55 56 ‘57 
SOURCE: U.S. TARIFF COMMISSION REPORTS 
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uct be sure to call Merck. Specialists in the Merck Food 
Laboratories are ready and eager to help you get the 
most from MSG. And a recent 100% increase in pro- 
duction capacity puts Merck in an excellent position to 
meet all your MSG requirements. 


M 
MERCK CHEMICAL DIVISION 
MERCK & CO., INC. » RAHWAY, NEW JERSEY 
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VAC-DRY J 


CONTINUED PROCESS 
PREPARATION OF PRECOOKED DEHYDRATED 
NAVY BEANS 


INSPECTION CONVEYOR 
PREWASHER 
BLANCHER 
SOAKING TANKS 
PRESSURE COOKERS 


COOLING TANK 


SHAKER 

BLAST FREEZER 

CONTINUOUS AIR DEHYDRATOR 
INSPECTION CONVEYOR 


PACKAGING EQUIPMENT 


t 
CASING EQUIPMENT 
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PRODUCTION SYSTEM IN OPERATION 


In keeping with the primary purpose of the Indus- 
trial Preparedness Study, the Vacu-dry Company has 
developed a practical system for mass production of 
precooked dehydrated legume vegetables at its plant 
in Selah, Washington. 

The system is geared to a rate of 2000 pounds of 
individually quick-frozen beans per hour, and is eapa- 
ble of continuous operation. 

Vacu-dry Company installed, solely for legume vege- 
tables, a special preparation line integrated with an 
existing dehydration line. Fig. 5 shows the processing 
equipment, and the order in which it is installed. It 
is available for large-scale commercial production of 
‘*instant’’-type beans. 

The Vacu-dry installation can also produce simmer- 
type beans for soup, casserole, and similar uses. It is 
currently being tested for fresh green peas and whole- 
kernel corn. Other vegetables will also be evaluated. 


< 

Fig. 5. The Vaeu-dry system for mass production of ‘‘ in- 
stant’’ preeooked dehydrated legume vegetables in operation 
at the company’s Selah plant is geared to a rate of 2,000 
pounds of individually quick-frozen beans per hour under eon 
tinuous operation. Figure shows the equipment used, and the 
order in which it is installed. 


OTTENS 


QUAKER 
BRAND _ 


HENRY H. OTTENS MFG. CO. 
129-31 South Front Street, Philadeiphia 6, Penna. 


THE SIGN OF 


QUALITY FLAVORS 
SINCE 1884 


CULTURED BUTTER FLAVORS 
SPRAY-DRIED POWDERED FLAVORS 
ESSENCES + EXTRACTS + EMULSIONS 

SPECIAL FLAVOR BLENDS 


The facilities of our laboratories and 
technical staff are at your service 
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WHEN YOU SWITCH TO 


PENFORD CORN SYRUP 


There are so many reasons why you are better off with a liquid corn syrup system ... and 
best off with Penford Corn Syrup! Our technical service representative can prove every 
point on this quick checklist—and tell you other advantages too: 


Pentord Corn Syrup is convenient Penford Corn Syrup improves Pentord Corn Syrup 
to use, adapts to automation the quality of your product saves money over a dry system 
e Can be proportioned accurately e Enhances natural flavors e Reduces cost per hundredweight 
e Simplifies mixing ¢ Controls sweetness of sweetener solids 
e Lends itself to automation e Aids in developing body and texture e Reduces man hours 
e Improves plant appearance and e Stabilizes color e Saves handling equipment 
sanitation e Saves with tank storage 


Whether your business is candy, canning, frozen desserts, baking or meat packing —there’s a 
Penford Corn Syrup to suit your needs. Why not let one of our technical representatives come 
to your plant to demonstrate its advantages from your particular point of view? Call or write 
any P & F office for prompt action. 


FORD, LUD. 


INCORPORATED 


750 THIRD AVENUE, NEW YORK 17, N. Y.; 1531 MARIETTA BLVD., ATLANTA, GA.; CEDAR RAPIDS, IOWA; 333 MARKET ST., SAN FRANCISCO 5, CALIF. 
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Food, History and Problems 


Tus LETTER informing me that I 
was the recipient of the Babcock-Hart Award was 
most welcome. 

As Chancellor of the Davis Campus of the Univer- 
sity of California, I now find little time to consider 
the details of the morphology of the yeast cell. I miss 
this. On the other hand, as a chancellor 1 am con- 
fronted with equally intriguing problems. These re- 
late to the development of a rapidly growing campus, 
together with other problems of importance to the 
state, and even to the nation. 

Because of my interest in agriculture and foods, I 
have recently been confronted with experiences that 
have further aroused my interest in humanity and 
subsistence. I have been concerned with the zeal of 
misinformed people who would prohibit the use of all 
agricultural chemicals, synthetic fertilizers, and food 
additives—ostensibly for the safety and welfare of 
man. 

These people are unaware that scientific revolu- 
tions are not reversible. They are uninformed on the 
four great revolutions caused by man, and the results 
of these revolutions on populations, subsistence, and 
the welfare of man. I would like to discuss these 
briefly, and then lead into the more detailed problem 
relating to the use of chemicals in agriculture and 
food. 


It is apparent that the nutrition of early man was 
anything but ideal. He suffered from the environment 
surrounding him. Food was searce. When food was 
obtained, it was perhaps difficult to eat because it was 
uncooked. 

The discovery of the use of fire changed this situ- 
ation. It resulted in one of the great revolutions in 
the history of man. This occurred long before the 
dawn of history and was of such great importance 
because it overcame problems relating to comfort and 
the edibility of foods. It improved the acceptance of 
both plant and animal foods by tenderizing them. It 
enabled man to use materials that, uncooked, would 
be quite indigestible or difficult to eat. More than 
this, it enabled him to heat his environment and make 
it more pleasant. And for the first time, he learned 
something about the preservation of foods by smoking 
and drying. 

The use of fire by early man resulted in an increase 
in population. One wonders, however, if even in those 
days there may have been naturalists who argued 
against the use of fire and insisted that man should 
eat meat only raw—or even spoiled. 


"1961 Babeock-Hart Award Address presented at the 
Twenty-first Anntal meeting of the Institute of Food Teechnolo- 
gists, Statler Hilton Hotel, New York City, May 9, 1961, by 
Dr. E. M. Mrak, Davis, California. 
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The second great revolution in the history of man 
occurred with the discovery of practical agriculture. 
This took place 10 to 15 thousand years ago, in the 
Neolithic period. Naturally, it did not come all at 
once. Most great developments occur slowly. 


The great advantage of agriculture to early peoples 
was that it enabled them to have plant and animal 
foods more regularly. They could now settle in one 
place permanently and no longer have to live a 
nomadic life in a search for food. 

The development of agriculture also resulted in an 
increase in population. Here again, one wonders if 
there might have been ancient naturalists who in the 
early days of agriculture objected to it and preferred 
to abide by the old system! In any event, agriculture, 
a scientific discovery, has remained and improved ever 
since. 

The third great revolution was the development of 
cities. This occurred about 6,000 years ago, and seems 
to have taken place about the same time in a number 
of countries, including Egypt, Iraq, China, and 
Mexico. 

Close association in cities enabled the division of 
labor and establishment of stores of food, and hence 
the possibility of relieving local shortages through 
the regular operation of trade. Once again, the 
change resulted in a great increase in population. 
But there must have been those who objected very 
seriously to the development of the cities. As a mat- 
ter of fact, we still have such people. 

The fourth great revolution is still taking place. 
In consequence, it can easily be overlooked. Most cer- 
tainly we are not in a position to have perspective so 
that we may compare the effects of the present revolu- 
tion, with those of the past. The present one is the 
scientific revolution, which has brought about greater 
changes than any of the others. As a result of dis- 
coveries of the fundamental nature of the world, man 
has been able, intentionally and deliberately, to alter 
his way of life. The great areas of particular interest 
to this meeting are those concerned with environmen- 
tal health, and particularly those of food supply and 
safety. 

It would be impossible in this brief paper to record 
the enormous benefits that this revolution, the fourth 
in the history of man, has brought to man. In the 
past 50 years the terrible inroads caused by such epi- 
demics as smallpox, the Black Death, and typhus 
have been eliminated. Famines no longer occur to the 
extent to which they did. We are now concerned pri- 
marily with degenerative diseases such as cancer and 
heart trouble. In this country, we have gone from 
the problem of underweight to overweight. We have 
increased the food supply in many parts of the world, 
and have literally wiped out the nutritional defi- 
ciencies and famine. 
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The scientific revolution has certainly extended to 
the farm. Today, the average American farmer pro- 
duces about 10 times as much food as did the Ameri- 
can Indian or African, and with the use of machinery 
he does it with much less work. The need for farm 
labor has decreased year by year and is still de- 
creasing. The real problem has been to extend the 
scientifie agricultural ‘‘know how’’ of the United 
States to the rest of the world. This has not been 
easy, and will require some time. It is easier and safer 
to live today than ever before: we have an abundance 
of foods. The scientific revolution has done more to 
increase population than any of the others. It has 
now reached the state where any number of people 
are wondering about the adequacy of the food supply 
in the future as well as the adequacy of energy, 
natural resources, and even space in which to live. 
Thus far we have shown that Malthus was wrong, but 
it appears that this is only temporary. We have 
altered the situation so that the natural forces have 
had less and less influence on environment, and more 
and more is determined by social forces established 
by man. The central part of this great revolution is 
the discovery that nature can be controlled and condi- 
tions modified. Populations can now increase greatly 
without new discoveries. This is the situation unless 
we interfere with the changes that are taking place 
either by failing to meet the needs for food or by 
controlling the increase in population. 

I am concerned in this paper about our failure to 
meet the needs for foods, and particularly with re- 
spect to those uninformed people who would decrease 
our food production drastically. This would create a 
situation that Decker stated very aptly, ‘‘If we were 
to adopt a policy of ‘let nature take its course’ as some 
individuals thoughtlessly advocate, it is possible the 
experts would find disposing of 200 million surplus 
human beings even more perplexing than the disposi- 
tion of the infamous food surplus.’’ 

Kleiber points out that if we meet all our food 
needs with eggs, we will soon reach the end. On the 
other hand, if we resort to potatoes, we could get by 
with an area of .15 acres per person, or about 6 per- 
sons per acre. We could feed about 8 x 10'* people. 
This would be in the year 2800 A.D. if our birthrate 
continues. This is rather soon as history goes, and is 
practically right now in terms of the development of 
man. In an article published in Science in November, 
1960, Foerster, Mora, and Amiot predicted ‘‘ Dooms- 
day: Friday, 13 November, A. D. 2026.’’ They even 
indicate there is a possibility that our great, great 
grandchildren will not starve to death but will be 
squeezed to death because of numbers on the earth. 
Darwin indicates that our population will double in 
about 40 years, and then the number will be doubled 
again and there will be over 5 billion people in the 
world. 

In spite of this, | would still like to talk about food. 
A recent publication of the USDA, titled ‘‘Food for 
the Future—Through Research,’’ indicates that ‘‘by 
1975 the U. S. will need about 200 million more acres 
of crop land than now—if yields are to be the same as 


in 1956.’’ It goes on to point out that we don’t have 
200 million more acres and won’t need them, because 
of the rising productivity on farms. It indicates there 
will be better conservation of soil and water resources 
as basic to the increased productivity. It does not 
state anything about agricultural chemicals, but I 
am certain that this is implied. 

Some interesting information is presented in an 
exciting book entitled ‘‘The Next Hundred Years,’’ 
by Brown, Bonner and Weir. These gentlemen point 
out that there are a hundred thousand new mouths to 
feed in the world each day. They indicate that 55 per 
cent of the world has less than 2250 calories per day. 
About 25 per cent of the world’s population has over 
2,750 calories per day, and 25 per cent has between 
2,250 and 2,750. 

In order to live an energetic and satisfactory life, 
humans require about 3,000 calories per day. To ob- 
tain this, the individual must eat the equivalent of 
about 1.8 pounds of plant material containing .7 
pounds of carbon per day. 

The United States has more than 2 cultivated acres 
per person. In North America there are about 3.6 
cultivated acres per person, whereas in Japan there 
is only 1. In the United States the acre yields about 
4,500 calories, in Asia about 4,000, in west Europe 
7,000 to 8,000, in Japan 13,000, and the world average 
equals about 3,800 calories per day for the population. 
This is assuming that diet patterns are quite similar 
to what they are at present. We eat about one-third 
of our diet in animal food, whereas the Asian eats 
about 5 per cent of animal foods, and the European 
is some place between. 

The question may be asked why production in 
Japan is so high. The answer is the use of intensive 
agriculture, and particularly fertilizers and, I pre- 
sume, agricultural chemicals. In Japan they use 56.5 
pounds of fertilizer per acre, whereas in the United 
States we only use 11.8 pounds. This indicates the im- 
portance of agricultural chemicals. 

Brown and his associates have concluded that if 
production is maintained at the present Japanese 
level and consumption is at about 3,000 calories per 
day the world could support about 6.5 billion people. 
Aceording to Darwin and other demographers, it 
will not take very long to accumulate this number 
of people if the increase continues at the present rate. 

Insofar as types of food and food technology are 
concerned, it is conceivable that eventually we might 
be compelled to change our diet patterns. At present 
we grow a great deal of vegetable matter and feed it 
to animals, and these are then used for human food. 
The efficiency is between 5 and 10 per cent. As an 
example, forage grain for steers yields about 43 
pounds of protein per acre, silage for milk about 77 


pounds, soybeans (as such) about 450 pounds, and 
alfalfa as grown in the western United States about 
1500 pounds. We could very well learn to obtain our 
protein directly from alfalfa. 


It is apparent to me that as time goes on we must 
learn to inerease our production per acre. In order 
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to do this, we must use more synthetic fertilizers, and 
certainly agricultural chemicals. That is the situ- 
ation, regardless of what the organic farmers may say. 

There are other ways in which food production ean 
be increased. Naturally, at present there is great 
wastage of fresh produce. [| have seen foods wasted 
in South America merely because they weren't used 
fresh, vet they could have been processed. 

The politicians are making ** political hay’’ of the 
surpluses we have on hand. If we believe the figures 
of the United States Department of Agriculture, per- 
haps we should think in terms of retaining the sur- 
plus for future use. Perhaps the most effective thing 
we can do now is to learn more about the use of new 
and more effective chemicals and other means of con- 
trolling pests that are apt to destroy these surpluses. 

Decker has pointed out so very well that our culti- 
vated crops in North America are attacked by over 
3,000 economically important species of insects, many 
plant disease agents, and unestimated numbers of 
nematodes, rodents, weeds, and other competitors. 

In 1954, the United States Department of Agricul- 
ture estimated that to offset the losses of agricultural 
production as a result of pests, an extra 88 million 
acres would have to be cultivated and that the losses 
subsequent to harvest would equal the production of 
an additional 32.8 million acres. Estimates of de- 
strvetion caused by agricultural pests, made inde- 
pendently by several other agencies, range between 
#8 an | $15 billion annually. Decker has pointed out 
that if agricultural chemicals were to be banned to- 
morrow, the yield of many crops would be reduced 
10 to 90 per cent and the surplus stocks would soon 
disappear. The price of most food items sold in stores 
would double and some would treble, while still others, 
notably fruits and vegetables, would totally disappear 
from the open market. He also points out that in our 
pastures and meadows today, we frequently produce 
more insect protoplasm than the animal weight gains 
per acre. In some pastures it is obvious that unused 
weed growth exceeds the production of palatable for- 
age. Obviously we are still sharecropping with insects 
and weeds. So long as surpluses prevail, this is per- 
missible, but the day is not far distant when such in- 
efficiency can no longer be tolerated. This is the day 
when it will be necessary to increase the use of agri- 
cultural chemicals or other means of controlling these 
insects, regardless of what the organic farmers may 
say. 

The agricultural situation has changed greatly be- 
cause of intensive cultivation. When the white man 
came to North America, there were relatively few 
people here and there were about 2,000 acres per 
capita. The variety of insects attacking crops was as 
great in number as it is now; however, agriculture 
was not so intensive. In the years that followed, the 
number of crops increased and there was plenty of 
food for all, including the insects. The farmers 
raised only feeble objections to shareeropping with 
insects and other pests. At present we have about ten 
acres per person, seven of which are classified for 
farm land but only two of which are devoted to crop 
production. 
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The great pressures resulting from the intensifica- 
tion of agriculture are bound to produce problems. 
Not only is it giving the insect more food and better 
opportunities for growth, but it even encourages in- 
sects to attack crops that they ordinarily would avoid. 
New insects have been introduced. Many factors have 
contributed to the increased prevalence of destruc- 
tiveness of the weeds, fungi, bacteria, nematodes, 
viruses, and whatnot over the last 50 years. We may 
as well face the fact that as time goes on we will have 
to produce more food, and in order to do this we will 
have to use more chemicals to control these pests. 

We have a real problem insofar as the use of agri- 
cultural chemicals is concerned. Strong effort is being 
made to outlaw the use of these chemicals. This might 
seem ridiculous, but when one experiences, first hand, 
the forces behind this effort, it does not seem so far 
removed. In order to cope with this very serious 
situation, so that we may have good food for the 
future, it is necessary to counteract this strong force 
that is influencing both public opinion and some of 
our legislators. 

W. E. Baier has commented on the pros and cons of 
food additives. He points out that the problem is 
due to a lack of understanding by some legislators, 
agriculturists, food producers, and a_ considerable 
segment of the consuming public. He also points out 
that it is a paradox that those people who most seri- 
ously want to gain an understanding of the subject 
often appear to end up with the least understanding 
and the most misinformation. This is well manifested 
by those who are motitvated by interest in the subject 
to read books such as Longgood’s ‘‘The Poisons in 
Your Food.’’ Unfortunately, many of these books do 
not paint a true picture with respect to foods and 
food additives, but rather one of fear. I believe it is 
time that we counteract this. Instead of having 
poisons on our bookshelf, we should replace them with 
honest and interesting publications. These should be 
written in a manner that will induce people to read 
them. I believe it would be possible to prepare such 
publications that would be as exciting to read as 
**Microbe Hunters,’’ by de Kruif. This, in my opinion, 
would be far better than the Madison Avenue 
approach. 

At a food additives conference held in New York 
last October, Dr. Robert White-Stevens pointed out 
that, as with all matters of universal concern and 
vast complexity, ample opportunities are provided 
for misunderstanding, illogical conclusions, and un- 
founded fears. This has certainly been the case with 
respect to the wonderful advances made through the 
use of agricultural chemicals and food additives. 

Dr. William Baier, of the Sunkist organization, 
pointed out some time ago that Congressman Miller, 
in his amendment, recognized, perhaps for the first 
time in all legislative history, this simple but often 
ignored fact: ‘‘there are no harmless substances ; there 
are only harmless ways of using substances.’’ This is 
an extremely important coneept that definitely ap- 
plies to natural foods as well as those that have been 
substantially ameliorated. This calls to mind an 
article that recently appeared in a newspaper, ‘‘ Dr. 
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Warns Babies Can Die From Salt Poisoning.’’ The 
article states that mothers should ‘‘keep baby away 
from the salt shaker lest the infant be poisoned by 
eating too much salt.’’ It further states that ‘‘severe 
poisoning by common table salt, while not a common 
occurrence, can have a disastrous outcome; death or 
severe brain damage may result.’’ This certainly fits 
into the Miller concept. 

I believe we need an edueational program that 
covers all segments of life and is multiphasic in 
approach. It should involve books, pamphlets, bro- 
chures, radio, television, and even personal contact. 
It should be dignified, and it should meet the require- 
ments of the particular individual. 

I have seen a great deal of literature on this sub- 
ject in recent years, but I venture to say that it has 
had relatively little effect. Most of the money used 
in this area to educate the consumer has been wasted. 

I could continue and cite example after example, 
but I have already gone a long way around in coming 
to the point of chemicals and foods. I might well sum- 
marize by saying that man is merely an animated mass 
of chemicals. This is well illustrated by a table formu- 
lated by Dr. Lawson and published by Jensen in his 
book ‘‘Man’s Foods.’’ The following table indicates 
that adult man in chemical terms represents enough : 


Water to fill a 10-gallon keg 

Fat for 7 bars of soap 

Carbon for 9,000 lead pencils 
Phosphorus for 220 matches 
Magnesium for one dose of salts 
Iron to make a nail 

Lime to whitewash a chicken coop 


Sulphur to rid one dog of fleas 


This tells the story succinetly. I might add one 
more point with respect to chemicals, and it is one 
relating to some work carried on by Decker on the 
toxicity of chemicals and accumulation of agricultural 
chemicals in steers. In five separate studies involving 
the feeding of qualitative hydrocarbon insecticide 
residues to steers, one or more animals were found 
to have abscessed livers at the time they were sacri- 
ficed. It so happened that in every case these were 
animals from the check lot, but those that had _re- 
ceived the hydrocarbon were completely free of 
abscessed livers. As Decker points out, the mere sug- 
gestion that these materials may have some thera- 
peutic value almost inevitably draws a quick ‘‘now 
you're being facetious.’’ Why? He goes on to state 
what would happen if the odds of 5 to 0 were re- 
versed; it would certainly be hard on agricultural 
hydroearbons. 

It seems to me that the whole story is well illus- 
trated in two poems written by Kenneth Boulding— 
‘*Conservationist’s Lament’’ and ‘‘Technologist’s 
Reply.’ The lament indicates that the individual’s 
cup is half empty, and the reply that it is half full. 

I would rather abide by the technologist’s point of 
view and educate those who do not have the facts. 
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Summary of Toxicity Data on 
Sulfur Dioxide 


Sourvs DIOXIDE aS a gas, or in 
water solution, or as one of the salts of sulfurous acid 
is used in the food industries of many countries. The 
use of sulfur dioxide as a preservative dates back 
many centuries. It is unique in that it serves a greater 
variety of purposes than any other single food addi- 
tive. Sulfur dioxide reduces or prevents microbiologi- 
cal spoilage. Its antioxidant properties retard the 
loss of ascorbic acid and carotene. Sulfur dioxide 
inhibits enzyme-catalyzed oxidative discoloration and 
nonenzymatic browning during the processing, stor- 
age, and distribution of a variety of foods. 

Despite the long history of successful use of sulfur 
dioxide in food industries and the existence of data 
establishing the safety of such use, inquiries as to its 
safety occur with surprising frequency. It therefore 
seems appropriate to summarize and comment on 
toxicity data for sulfur dioxide. 

The question of safety in using sulfur dioxide in 
dried fruits is primarily a problem to be answered by 
chronic toxicity studies rather than investigations of 
acute toxicity. Nevertheless, a few data on acute 
toxicity will serve to emphasize a point pertinent to 
chronic toxicity. 

Hoppe (J. Pharm. Exp. Therap. 101, 101; 1951) 
found the LDs9 dose of sodium sulfite injected intra- 
venously in mice to be 175 mg per kilogram of body 
weight. Flury (Abderhalden’s Hdb., 4.7b, p. 1396) 
reported the acute toxicity of sodium sulfite as 
follows : 


Species Route Dose in mg/kg 
Guinea pig Subeutaneous 600 
Guinea pig Intravenous 200 
Cat Subeutaneous 1300-1600 
Cat Intravenous 400 
Dog Subcutaneous 1300-1600 


The above data show a marked variation in acute 
toxicity with species and route of administration. If 
it is assumed that toxicity for man is the same as for 
the mouse, the LDs9 for sodium sulfite given intra- 
venously for a 70-kg individual would be 12.25 g. 
High-moisture dried fruits have a pH value in the 
range of 3.5-4.0, and the only way in which sodium 
sulfite could enter the blood stream after eating such 
fruit treated with sulfur dioxide would be through 
intestinal absorption after neutralization of any free 
sulfurous acid by the alkalinity of the intestinal tract. 


“A laboratory of the Western Utilization Research and 
Development Division, Agricultural Research Service, U. 8S. 
Department of Agriculture. 
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The above-mentioned low toxicity of sodium sulfite 
emphasizes the impossibility of acute toxicity due to 
ingestion of dried fruits treated with sulfur dioxide, 
even if 3000 ppm were used. The possibility of 
chronic toxicity resulting from daily ingestion of such 
fruits is even more remote, because the small amount 
of sodium sulfite absorbed is rapidly converted to non- 
toxie sodium sulfate (Torald Sollmann, **‘A Manual 
of Pharmacology,”’ eighth edition, page 153, W. B. 
Saunders Company; and A. J.. Lehman, Association 
of Food and Drug Officials of the United States, vol. 
XXI, page 29, January 1957). 

The most frequently cited report on the chronic 
toxicity of sulfites is that of O. G. Fitzhugh, L. F. 
Knudsen, and A. A. Nelson (J. Pharm. Exp. Therap. 
86, 37; 1946). Those investigators used 504 rats in 
several long-term feeding tests that collectively 
covered dietary levels of 0.0125, 0.025, 0.05, 0.1, 0.2, 
0.25, 0.5, 1.0, and 2.0% of sodium bisulfite. They con- 
cluded that the toxie effects observed could be at- 
tributed to destruction by the bisulfite of thiamine and 
possibly other B-complex vitamins in the diet. They 
interpret their data as showing that dietary levels of 
at least 1000 ppm of bisulfite, equivalent to 615 ppm 
of sulfur dioxide, are needed to produce evidence of 
thiamine deficiency. 

In interpreting the significance of this investiga- 
tion for man, let it be assumed that man’s suscepti- 
bility to the toxie action of sulfur dioxide is the same 
as that of the rat, an assumption justified by similar 
thiamine requirements. Man would then show evi- 
dence of thiamine deficiency, and possibly deficiency 
of other B vitamins, if his daily diet contained 
615 ppm of sulfur dioxide. To attain this level of sul- 
fur dioxide intake, man would have to ingest a diet 
consisting entirely of dried fruits containing 615 ppm 
of sulfur dioxide. This impossible situation empha- 
sizes the importance of the fact that dried fruits 
treated with sulfur dioxide constitute only a small 
part of man’s diet. 

Proper evaluation of the significance of the conelu- 
sion that 615 ppm of sulfur dioxide in the daily diet 
of the rat is deleterious should take into consideration 
other important factors: 1) the vitamin A, thiamine, 
and ascorbic acid content of dried fruits; 2) the de- 
sirability of comparing the effects of SOs-treated and 
untreated dried fruits upon the growth, general 
health, and longevity of, and histopathologieal find- 
ings on, experimental laboratory animals; and 3) the 
possibility that untreated dried fruits may cause 
toxicity due to reaction products formed in deterio- 
ration of the untreated fruit. 


1) The following table summarizes data on the vita- 


(Continued on page 33 following research section) 
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Miles has a way with FOOD: 


TAKAMINE 
ENZYMES 


...industry’s biggest enzyme 
family made to fit 


your product’s good taste 


Exactly what does that mean to you? 


A great deal. Producing the biggest enzyme 
family means that Takamine can recommend 
the precise enzymatic activity best suited to 
your particular job, whether it’s starch con- 
version, proteolysis, removal of pectins, glu- 
cose or oxygen removal, or others. 


Refined manufacturing techniques have re- 
sulted from this broad experience with en- 
zymes. This means we can achieve the exact 
enzymatic activity required for specific jobs 

. and maintain its uniformity, batch after 
batch after batch. 


So if you now use enzymes to enhance 
flavor, guard color and stability, lengthen 
shelf life or speed processing . . . or if you sus- 
pect you could use enzymes profitably . . . let 
us recommend a Takamine enzyme for the 
job. We don’t believe you can find enzymes 
more precisely matched to your needs any- 


where. 
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Deterioration of Lemon Oil. Formation of 
p-Cymene from Gamma-Terpinene’ 


(Manuscript received May 12, 1961) 


SUMMARY 
The formation of p-cymene from 7y-terpinene during de- 
terioration of lemon oil was shown. Citral, which was 
suspected as the precursor of p-cymene, was added to 
orange oil and allowed to deteriorate. No detectable amount 
of p-cymene was found. y-Terpinene was isolated from 
lemon oil, and oxidized to p-cymene when exposed to air. 


Tue DETERIORATION Of lemon oils 
and foods flavored with lemon oil is characterized by 
the development of a so-called ‘‘eymey’’ odor. Al- 
though p-cymene has long been suspected as causing 
this off-odor, its increase in deteriorated lemon oil has 
never been reported. Clark and Bernhard (1960) re- 
ported p-cymene in lemon oil, based on retention times 
on gas-liquid chromatography (GLC). 

Citral, the principal flavoring constituent of lemon 
oil, has been aecepted by many people as the pre- 
eursor of p-cymene in deteriorated lemon oil. Price 
and Dickman (1948) isolated small quantities of 
p-cymene from an oil that separated from an aqueous 
reaction mixture of citral and phosphorie acid at 
45°C. Strausz (1947) believed that p-cymene was 
formed from isocitral in lemon oil and that conver- 
sion was promoted by the presence of small amounts 
of fatty acids. 

During an investigation of the composition of ter- 
pene hydrocarbons of lemon oils (Stanley et al., 
1961), p-cymene was found in several samples held in 
inadequately stoppered bottles. Some of these oils 
were completely colorless and had a strong ‘‘cymey’’ 
odor. Analyses of these oils are given in Table 1. It 
is apparent from these data that the appearance of 
p-eymene is paralleled by the disappearance of y- 
terpinene. In fact, totals of these two components 
in deteriorated oils approach quite closely the average 
value for y-terpinene obtained from samples of un- 
deteriorated lemon oil. The average analyses of 105 
samples of lemon oil held in well-stoppered bottles are 
shown in Table 1. Only trace amounts of p-cymene 
were found in these samples. 

In more advanced examples of deterioration the p- 
eymene content of the oil ran between 6 and 8% of 
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the terpene hydrocarbons (lemon oil contains ap- 
proximately 85% terpene hydrocarbon). Citral, or 
citral alone, could not be the precursor of p-cymene 
found in the deteriorated lemon oils because citral 
itself seldom exceeds 3.5% of domestic oils (Stanley 
et al., 1958). 

In light of the above observation, further work 
was necessary in order to explain the formation of 
p-cymene in deteriorated lemon oil. 


EXPERIMENTAL 


Analysis of terpene hydrocarbons. Procedure for the chro 
matostrip-GLC analysis of the hydrocarbons of citrus oil is 
Stanley et al., 1961). The 
method consists of spotting 0.04 ml of lemon oil on a chromato 
strip and eluting with 2 ml of hexane. Eluate is analyzed 
directly by GLC. 

Identification of p-cymene. In the hydrocarbon analysis of a 
deteriorated lemon oil, the vapor from the material having the 
retention time of p-cymene on GLC was bubbled into ethanol. 
The ultraviolet spectrum of this solution was found to be 
identical with the spectrum of known p-cymene. 


described in a previous paper 


p-Cymene was also identified by infrared analysis. Sinee a 
larger quantity of material was necessary for infrared analysis, 
a 30-ml sample of deteriorated lemon oil was deterpenated on 
silicie acid (Kirehner and Miller, 1952 Three hydrocarbon 
fractions were collected. Partial separation of the terpene 
hydrocarbons was observed in the three fractions. The second 
fraction contained the largest quantity of p-cymene. p-Cymene 
was isolated from this fraction by using a preparative seale 
GLC column (% in. by 5 ft diethylene glycol succinate) and 
collecting the material having the retention time of p-cymene. 
Known p-cymene was purified similarly on a preparative seale 
GLC eolumn. Infrared spectra of these two purified products 
were identical. 

Experiments with citral. To check the possibility that citral 
gives rise to p-cymene, the following experiments were 
conducted. 

A sample of citral that had been held at room temperature 
for at least 5 years without special precautions for excluding 
air, was analyzed for p-cymene by the chromatostrip-GLC 
method. No p-cymene was detected. 

A 4% mixture of citral in orange oil was prepared by adding 
the required amount of a fresh sample of citral (citral content 
greater than 98% determined by vanillin-piperidine method) 
(Stanley et al., 1958). The orange oil contained about 0.03% 


Table 1. y-Terpinene and p-cymene content of lemon oils. 

Per cent 
_-Terpinene p-Cymene 
Undeteriorated oils 


Deteriorated oils 


verage of 105 samples of lemon oil. Standard deviation of 0.93. 
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citral and only a trace of y-terpinene. The mixture was divided 
into two 50-ml portions. One portion was transferred to an 
empty glass-stoppered 250-ml Erlenmeyer flask and the other 
to a 500-ml glass-stoppered Erlenmeyer flask containing 200 ml 
of 6% aqueous citrie acid solution. Flasks were stoppered to 
minimize evaporation losses of the lower-boiling components. 
The two flasks were held at room temperature and under usual 
lighting of the laboratory. Samples were removed periodically 
for analyses as described above. During this time the stoppers 
were removed from time to time to replenish air above the 
samples. After 3 weeks, during which time the eolor had com- 
pletely bleached from the orange oil, no p-cymene was de- 
teetable. Analyses of the two samples, even after a period of 
7 months, showed no detectable p-cymene. 

Formation of p-cymene in lemon oil. Approximately 150 ml 
of lemon oil was placed in a 250-ml Erlenmeyer flask, loosely 
stoppered with glass wool, and allowed to stand at room tem- 
perature. p-Cymene and y-terpinene content during 3 months 
were followed by the procedure deseribed above. The results 
are plotted in Fig. 1. 


gt -TERPINENE 


p- CYMENE 


10 20 30 40 50 60 80 
DAYS 


Fig. 1. Disappearanee of y-terpinene and formation of p- 
eymene during deterioration of a sample of lemon oil. 


Formation of p-cymene from 7-terpinene. Pure y-terpinene 
was isolated in the following manner. One pound of lemon oil 
was applied to a silicie acid chromatographic column, and the 
terpene hydrocarbons eluted with hexane (Kirchner and Miller, 
1952). The terpene hydrocarbons were then fractionated in a 
spinning element column. y-Terpinene fractions boiling at 60°C 
and 10 mm pressure were collected. The GLC analysis of the 
purest fraction showed over 99% vy-terpinene. The infrared 
spectrum of this fraction agreed with the spectrum of y¥- 
terpinene reported by O'Connor and Goldblatt (1954). 

A'‘7-ml sample of y-terpinene was placed in a 50-ml Erlen- 
meyer flask, stoppered with a cotton plug, and allowed to stand 
at room temperature. Since hydrocarbon analysis by GLC gives 
only relative amounts of y-terpinene and p-cymene and would 
not account for any non-volatile products, a spectrophotometric 
method was also used to determine the absolute amount of p- 
eymene. Points for the standard eurve were determined by 
weighing known amounts of p-cymene in a volumetric flask and 
diluting with isooctane. Absorbance values used in the standard 
curve were the difference between the peak at 273 mu and the 
trough at 271 mu. This is to minimize error from other com- 
pounds that may absorb in this region. Fig. 2 shows the results 
of the oxidation of y-terpinene to p-cymene as analyzed by 
GLC and by the speetrophotometrie method. 
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60> 


%  p-CYMENE 


10 20 30 


Fig. 2. Formation of p-cymene from a sample of y-terpinene. 
Upper curve: analysis by speetrophotometer. Lower curve: 
analysis by GLC, 


RESULTS AND DISCUSSION 


From the evidence, it is definitely not possible for 
p-cymene in deteriorated lemon oil to have been de- 
rived from citral in any significant quantity. The 
amount of p-cymene in a badly deteriorated oil may 
exceed by several-fold the amount of citral originally 
present. Furthermore, no p-cymene could be detected 
when citral was added to orange oil. The citral added 
to the orange oil was identical to citral in lemon oil as 
analyzed by GLC. The principal path for the oxida- 
tion of y-terpinene must be to p-cymene, since the dis- 
appearance of y-terpinene can be accounted for by the 
appearance of p-cymene. Thus, y-terpinene must be 
assumed to be the major precursor of p-cymene in 
deteriorated lemon oil, as shown by the experiments 
on the oxidation of y-terpinene and of lemon oil. 
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Hydrocarbon Composition of Lemon Oils and Its 


Relationship to Optical Rotation’ 


(Manuscript received May 26, 1961) 


SUMMARY 

A simple, routine method of separating the terpene hy- 
drocarbons from citrus oils for subsequent gas chro- 
matographic analysis is described. Sabinene is identified 
in lemon oil, and a-thujene is tentatively identified by 
gas chromatographic retention time. Statistical results of 
the terpene hydrocarbon analyses of 105 lemon oil samples 
is reported. A direct relationship between d-limonene con- 
centration and optical rotation and an inverse relation 
between {-pinene concentration and optical rotation were 
found, 


Ov OF THE requirements in de- 
termining the purity of lemon oils is that their optical 
rotation must fall within certain arbitrary limits 
established by the Pharmacopeia of the United States 
(USP) (1955). According to these requirements the 
optical rotation must be between 57 and 65.6°. Opti- 
eal rotation of lemon oils may vary from below 50 to 
above 70°. 

No adequate explanation has been given for these 
wide variations in optical rotation. It is reasonable to 
assume that the terpene hydrocarbons (Cy here- 
inafter referred to as terpenes) have some relation- 
ship to optical rotation since they represent approxi- 
mately 85% of the total composition of the oil. To 
resolve this question, the composition of the hydro- 
carbon fraction of lemon oils was studied. 

The major terpenes have been isolated and identi- 
fied both by the earlier classical techniques of dis- 
tillation, preparation of derivatives, and chemical de- 
gradation (Guenther, 1949) and by the more recently 
developed gas-liquid chromatography (GLC) and 
comparison of retention times (Clark and Bernhard, 
1960; Kung ef al., 1959; Liberti and Cartoni, 1958). 
In those studies octylene was identified tentatively 
and the following compounds identified positively, in 
lemon oil: a-pinene, 8-pinene, camphene, d-limonene, 
8-phellandrene, and y-terpinene. 

Quantitative analysis of the individual terpenes 
was not possible in those earlier studies because 
methods then used involving distillation or conver- 
sion to solid derivatives were not adequate. The re- 
cently developed gas chromatographic methods of 
separation are sufficiently refined that quantitative 
analyses are possible. However, there is danger that 
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components other than the hydrocarbons may inter- 
fere, and consequently it is desirable to make a pre- 
liminary separation. Separation of the hydrocarbons 
by column chromatography on silicic acid, although 
satisfactory for research studies (Kirchner and Mil- 
ler, 1952), is not suitable for routine analyses. 

To analyze many samples of oil on a routine basis, 
a more rapid method was developed for the separation 
and recovery of the terpenes based on chromatography 
on silicic-acid-coated chromatostrips (Kirchner et al., 
1951) using downward development (Stanley and 
Vannier, 1957) and elution. This method is particu- 
larly advantageous because the mixture eluted from 
the strip can be analyzed directly, i.e., without having 
to remove the eluting solvent. 


EXPERIMENTAL 


In analyzing the terpenes in citrus oils a 0.04-ml sample is 
applied to the chromatostrip with a calibrated micropipette, 
touching the tip of the pipette to the strip at a point 6% in. 
from the bottom. The end of a wick of coarse filter paper is 
folded over the top of the strip and held in place with a small 
metal clip. The strip is then suspended in the side-arm test 
tube shown in Fig. 1 by a wire extending from the metal elip 
through the cork in the top of the test tube. The free end of 
the paper wick is drawn into the side-arm reservoir. 

Development of the strip is started by adding about 5 ml of 
pure-grade n-heptane to the reservoir. Development of the 
strip is then allowed to proceed until 2 ml of eluate has col- 
lected in the bottom of the tube. The time required for de- 
velopment is about 4-5 hr. The strip is carefully removed, 
and the eluate is transferred to a small vial. The strip may be 
tested for completion of elution of the hydrocarbons by spray- 
ing with fluorescene-bromine reagent (Kirchner et al., 1951). 
The eluate is analyzed directly by gas chromatography of a 
50-100-u] sample. 

Gas chromatographic analyses were made on an instrument 
equipped with a stainless-steel column packed with diethylene 
glycol suecinate (DEGS) 10 ft by 4% in. The column was oper- 
ated at 80°C, 20 lb inlet pressure, and a helium flow rate of 
120 ml per min, The terpene composition was calculated by 
the peak area as recorded by an integrator. Fig. 2 shows the 
chromatogram obtained for the terpenes of lemon oil. 

Identification of the lemon oil terpenes was first made by 
comparison of retention times with known terpenes. For more 
conclusive evidence, the terpenes were isolated and their infra- 
red spectra compared with those reported in the literature. For 
this purpose 1 lb of lemon oil was deterpenated on silicie acid 
as deseribed by Kirchner and Miller (1952). The terpene frae- 
tion was fractionally distilled under vacuum in a spinning- 
element column. Since complete separation could not be made 
by vacuum distillation, the fractions were further purified by 
preparative-scale gas chromatography with a 5-ft by %-in. 
DEGS column. Infrared spectra of these samples were deter- 
mined and compared with those of known terpenes similarly 
purified. The infrared spectra were also compared with those 
reported by O’Connor and Goldblatt (1954 a-Pinene, p- 
pinene, myreene, d-limonone, and y-terpinene were identified by 
this procedure. 
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An unknown compound (1), Fig. 2, Peak 3, having retention 
time close to and just following 8-pinene, was assumed to be 
sabinene, the major terpene hydrocarbon of oil of savin (Guen 
ther, 1952 A sample of sabinene was obtained from oil of 
savin by vacuum fractional distillation followed by prepara- 
tive seale GLC as deseribed above. The identity of this ma 
terial as sabinene was verified by its nuclear magnetic reso- 
nance (NMR) spectrum. The gas chromatographic retention 
time of sabinene from oil of savin was identical with that of 
compound (I) (peak 3). An enriched fraetion containing 
58.8% 8-pinene and 41.2% of compound (I) (determined by 
gas chromatography) was recovered from lemon oil by silicic 
acid deterpenation, vacuum fractional distillation, and pre- 
parative-seale gas chromatography. Because the amount of ma- 
terial was limited, further purification was not attempted. 
This mixture was compared by infrared and NMR spectra with 
a known mixture of §8-pinene and sabinene (gas chromato- 
graphie analysis indieated 59.3% 8-pinene and 40.7% sabi 
nene). The two mixtures were judged to be identical. The 
materials used for preparing the known mixture were pure 
sabinene from oil of savin and an enriched §-pinene fraction 
from lemon oil (91.5% 8-pinene and 8.5% sabinene, deter- 
mined by gas chromatography). The infrared spectra of the 
two mixtures and the infrared spectrum of sabinene appear in 
Fig. 3. 

Presence of a second unknown terpene (II) in lemon oil was 
suspected because of the unsymmetrical shape of the a-pinene 


Fig. 1. Apparatus for separating terpenes on chromatostrips. 


| 


RECORDER RESPONSE 


UAT 


Fig. 2. Chromatogram of lemon oil terpenes. 80-4] sample, 
85°C, 120 ml helium/min, thermal conductivity detector, 10-ft 
by %4-in. column, 20% DEGS on 60-80-mesh firebrick. Peaks 
identified in Table 2. Length of time for complete chromato- 
graph approx 15 min. 


peak in the GLC analyses deseribed above. This terpene, how- 
ever, could be separated from a-pinene on a GLC column 10 ft 
by %& in. packed with 2% DEGS on 80-100-mesh firebrick. 
Analyses were obtained with a hydrogen-flame ionization de- 
tector. Because of its retention time, this new peak, slightly 
behind a-pinene (l-a in Fig. 4), was assumed to be a-thujene. 
a-Thujene, reported to be present in oil of Eucalyptus dives, 
has a boiling point very close to that of a-pinene (Birch and 
Earl, 1938). The terpenes in a sample of oil of Eucalyptus 
dives were analyzed and found to contain 8% of a material 
having the same retention time as compound (II). A commer- 
cial fore-cut fraction (500 ml) from oil of Eucalyptus dives, a 
so-called a-phellandrene fraction containing 15% a-thujene, 
was fractionally distilled under vacuum in the rotating element 
column, The first 5 distillation fractions (ca. 100 ml) con- 
tained 75% a-thujene, 25% a-pinene, and traces of other ter- 
penes. The second of these fractions was chromatographed on 
the preparative-scale GLC column, and a heart-cut in the 
a-thujene region was collected. The NMR spectrum of this 
material was correct for the structure of a-thujene. It had the 
same retention time on the 10 ft by 4% in. DEGS column as did 
compound (II) in lemon oil; therefore, it is assumed that com- 
pound (II) is a-thujene. 

A linear response was demonstrated for both the tungsten 
filament and the hydrogen flame ionization detectors when a 


Table 1. Response and recovery experiment for a terpene 
mixture of known composition. 


Gas chromatographic analyses 
(area % ) 


Original mixture After 
elution from 


Caled % in % in silicic acid 
comp. DEGS DEGS  chromatostrip 
Terpene (wt %) filament flame (% in DEGS) 
a-Pinene 9.3 9.2 9.2 9.2 
9.2 9.6 


9.4 


8 Pinene 14.6 14.3 14.3 12.58 


2 


66.1 
65.1 66.4 
65.0 


d Limonene 


-Terpinene 11.8 12.2 12.3 11.9 
11.6 11.6 
12.1 
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Fig. 3. Infrared spectra of mixtures of 8-pinene and sabinene, and the spectrum of sabinene. Top: S-pinene and sabinene mix- 
ture isolated from lemon oil. Middle: known mixture of 8-pinene and sabinene, Bottom: sabinene isolated from oil of savin. 


terpene mixture of known composition was used. The mixture 
was prepared with weighed amounts of terpenes purified by 
vacuum distillation and preparative-scale GLC. The data for 
the calculated composition and the direct GLC analyses of the 
original mixture appear in Table 1. It is evident that the re- 
sponse characteristics of the two detector systems are satis- 
factory for the analysis of the terpenes. 

To show that no isomerization of the terpenes occurs on 
silicic acid and to eheck recoveries during the chromatostrip 
determination, 0.04 ml of a mixture of terpenes of known com 
position was applied to a silicic acid chromatostrip and eluted 
with n-heptane according to the anaiytical method described 
above. These results are tabulated in Table 1. Results indi- 
cate that there is no significant isomerization of the terpenes 
or change in composition by this method of analysis. The 


apparent stability of the terpenes on chromatostrips confirms a 
recent report that isomerization of the terpenes on silicie acid 
oceurs only when the silicic acid ts contaminated with alumi- 
num oxide (Rudakov and Shestaeva, 1959). This is contrary to 
an earlier statement that these terpenes were isomerized on 
silicie acid (Arbuzov and Isaeva, 1953). 

Representative samples of commercial lime, grapefruit, and 
California orange oils were analyzed for hydrocarbons by the 
standardized procedure. The respective chromatograms appear 
in Figs. 5, 6, and 7 (for eomparison with the lemon oil chro- 
matogram in Fig. 2). Similarities in the distribution patterns 
of the terpenes parallel those observed for the aldehydes (Stan- 


ley et al., 1961). Lemon oil resembles lime oil; orange oil re- 


sembles grapefruit oil. 
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Fig. 4. Chromatogram of lemon oil terpenes. 1l-ul sample, 
70°C, 10 ml Ns/min, flame ionization detector, 10-ft by %-in. 
column, 2% DEGS on 80-100-mesh firebrick. Peaks identified 
in Table 2, peak l-a a-thujene. 


RESULTS AND DISCUSSION 
A series of 105 samples of lemon oil covering over 
5 years of production from a local citrus processor 
were analyzed by the method described. Results are 
summarized in Table 2. 


Table 2. Results from the terpene hydrocarbon analysis of 
105 samples of lemon oil. 


Per cent 


Standard 
deviation 


Terpene Peak no Average 


a-Pinene 2.46 
£-Pinene 14.8 
Sabinene 1.67 
Myrcene 1.10 
d-Limonene 69.7 
+-Terpinene 10.3 
pCymene 7 Trace 


Wide variations in the optical rotation of lemon 
oils have been observed, and these variations are 
found to be greatest between oils from coastal and in- 
land areas. The rotation of inland oils may run as 
high as 70°, whereas that of coastal oils may fall be- 


low 50°. There are also pronounced seasonal vari- 
ations within each growing area. The suggestion has 
often been made that the changes in optical rotation 
are caused by the presence of /-limonene as well as 
d-limonene. However, examination of the optical ro- 
tation in relation to the terpene data indicated that 
the wide variations in optical rotation were due to 
variations in relative amounts of 8-pinene and d- 
limonene. d-Limonene and /-8-pinene have [a]?,, of 
+126.6 and —23.4, respectively (Pliva and Herout, 
1950). y-Terpinene is optically inactive, and the 
other terpenes are present in such small quantities 
that they do not exert any significant influence on 
rotation. 

Fig. 8 plots d-limonene concentration against the 
optical rotation for the oil samples analyzed in this 


Fig. 5. Chromatogram of orange oil terpenes. 80-ul sample, 
82°C, 120 ml helium/min, thermal conductivity deteetor, 10-ft 
by 4-in. column, 20% DEGS on 60-80-mesh firebrick. Peaks 
identified in Table 2. Length of time for complete chromato- 
graph approx 15 min. 


study. Although there is considerable scattering in 
the data, the trend is quite obvious. 8-Pinene content 
is plotted against the optical rotation in Fig. 9. The 
relationship of the optical rotation to B-pinene is more 
consistent than that of d-limonene. The effect of the 
other minor constituents has not been considered in 
these graphs. It is reasonable to asume that the vari- 
ation in £-pinene content contributed heavily to the 
observed changes in the optical rotation of lemon oil. 
In contrast to lemon oil, orange and grapefruit oils 
have optical rotations close to 100°. Over 95% of the 
terpenes of these latter oils is d-limonene. 

Five samples of foreign lemon oils were analyzed 
in order to determine whether these relationships be- 
tween optical rotation and terpene composition were 
universally applicable. The results (solid circles in 
Figs. 8, 9) followed the same pattern observed for 
domestie lemon oils. 


Fig. 6. Chromatogram of C.P. lime oil terpenes. 80-u] sam- 
ple, 85°C, 120 ml helium/min, thermal conductivity detector, 
10-ft by %-in. column, 20% DEGS on 60-80-mesh firebrick. 
Peaks identified in Table 2. Length of time for complete 
chromatograph approx 15 min. 
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“WHAT, NO 
ZUCCHINI?” 


NEW MORTON FLOCRON DISPENSER CUTS CANNING COSTS FOR 63 PRODUCTS! 


No splash ... no spill . . . no overfill! 
Companies who use Morton's amazing 
Flocron liquid dispenser system to han- 
dle any of the 63 different food products 
listed above report that Flocron avoids 
the waste inherent in ‘‘overflow fill’’ sys- 
tems, stops splash loss, and dispenses 
more than 40 different ingredients with 
money-saving speed and accuracy. 


The versatile Flocron is actually a precise electronic system 
with photoelectric circuits in a sealed unit and a new lever- 
type photo switch to activate dispensing. It assures accuracy, 
even on lines handling up to 300 units per minute! Remote 
electronic controls permit you to ‘‘dial’’ the exact amount of 
liquid required for varying can sizes. 


Designed for efficient, low cost operation. The Flocron is 
made of stainless steel and plastic and is constructed to avoid 
corrosion and lengthy breakdowns that result in costly down- 
time. There are no valves to stick or clog, and the Flocron is 
easily cleaned by circulating a detergent solution through the 
fluid system and following this with a sanitizer. No need to 


revise production lines. The Flocron can be operated with 
existing equipment. Scientific Dispensing Company techni- 
cians in all areas will assist with installation and servicing. 
Some of the liquids you can dispense with the Flocron are: 
ascorbic acid, beef gravy, brine, concentrated syrup, hot butter, 
Monosodium Glutamate, spice oils, sugar and brine, tomato 

puree and vinegar. 

MORTON ALSO OFFERS 
CORROSION-FREE BRINEMAKERS 

In addition to the Flocron liquid dispenser, 

Morton also offers a complete range of Brine- 

makers, capable of producing up to 800 gals. 
of saturated pure brine per hour. With the Morton Brinemaker, 
salt is handled only once at the Brinemaker location from 
where it may flow or be pumped to the Flocron or other usage 
points. No space-wasting storage tank needed; no need for 
costly shut downs for cleaning out impurities. 


SCIENTIFIC DISPENSING COMPANY / DIVISION OF 


MORTON SALT COMPANY 


110 N. Wacxer Drive + Chicago, Iilinois + Fi 6-1300 
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This is paraffin wax. Note its brittleness. 


This only looks and feels like paraffin wax. 


It’s flexible, bars moisture, and is edible 


New kinds of fats are entering the food industry under 
the name Myvacet” Distilled Acetylated Monoglycerides. 
They are officially recognized as edible, of course,* and 
are treated by the body as true foods. They are useful 
mainly for their physical properties: among others, are 
their pliability and ability to impart plasticity to 
other materials. 

One of the new fats, Type 7-00, appears on the right 
above. Note how it ts more flexible than paraffin at the 
same temperature. It also is a highly effective vapor- 
and oxygen-barrier. It melts at 99-104 F. Foods dipped 
in the melt come out with a pliant, skin-tight coating— 
an edible coating with an oxidative stability never ap- 
proached by previously known fats. 

Parathn waxes plasticized with Type 7-00 show greater 


*U_S. Food & Drug Regulations, Sec. 121.1018 


resistance to cracking and chipping. They cling better 
to paper products. 

Myvacet Distilled Acetylated Monoglycerides, Type 9-40, 
a liquid likewise resistant to oxidation, confers pliability 
on such diverse materials as hard fats and plastics. It, 
too, is edible. Chocolate-flavored coatings for candies 
and ice cream can be made more flexible at low tempera- 
tures with Type 9-40. This unique liquid can substitute 
for non-nutritious plasticizers in some plastics such as 
cellulose mixed esters and vinyls. 

Organizations that like to look into developments of 
this importance carly in the game should write to 
Distillation Products Industries, Rochester 3, N. Y. 
Sales offices: New York and Chicago « W. M. Gillies, 
Inc., West Coast ¢ Charles Albert Smith Limited, Mont- 
real and Toronto. 


producers of Myvacet 
Distilled Acetylated Monoglycerides 


Also ... Myverol Distilled Monoglycerides . .. 
vitamin A for foods and pharmaceuticals 


Distillation Products Industries isc division ¢ Eastman Kodak Company 
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HYDROCARBON COMPOSITION OF LEMON OILS 


Fig. 7. Chromatogram of grapefruit oil terpenes. 80-ul sam- 
ple, 85°C, 120 ml helium/min, thermal conductivity detector, 
10-ft by ™4-in. column, 20% DEGS on 60-80 mesh firebrick. 
Peaks identified in Table 2. Length of time for complete 
chromatograph approx 15 min. 
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Fig. 8 Plot of per cent d-limonene against optical rotation; 
domestic samples, @-—foreign samples. 
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Fig. 9. Plot of per cent 8-pinene against optical rotation; 
O—domestie samples, @—foreign samples. 
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Effect of lonizing Radiation on Cakes and Biscuits 
Made with Milled Irradiated Wheat ° 


Manuscript received January 3, 1961) 


SUMMARY 

Wheat was treated with ionizing radiation at 23,000, 
46,000, 70,000 and 93,000 rad. The treated, along with 
a sample of untreated, wheat was milled into cake flour 
and all-purpose flour. Plain cakes and biscuits were 
respectively prepared with cake flour and all-purpose 
flour to determine the effect of radiation on the quality 
of the finished products. Untreated wheat flour was used 
to produce a standard product. 

Panel scores and physical measures of plain cake showed 
no differences in the baking quality of flours made from 
wheat treated with as much as 93,000 rad ionizing radia- 
tion. Panel scores for biscuits made with irradiated milled 
wheat showed significant differences in all attributes tested: 
color of crust and crumb, flavor, tenderness, texture, and 
acceptability. The 23,000 and 70,000 rad samples showed 
no differences from the standard except that the 70,000 rad 
sample was scored less desirable in flavor. The 46,000 rad 
product was scored lower than the standard in flavor, 
tenderness, and texture, and the 93,000 rad product scored 
lower than the standard on all attributes except texture. 
The physical measures on the biscuits indicated only that 
the 70,000 rad and standard doughs were slightly more 
compressible and softer than the others, but there were no 
differences in dough elasticity or biscuit volume. 


Tas USE of ionizing radiation has 
been proposed to control insect infestation of grain 
during storage. Hassett and Jenkins (1952) reported 
that 25,000 rep are sufficient to control insect infesta- 
tion. Nicholas and Wiant (1959) found lethal doses 
of cathode-ray radiation to be 40,000—60,000 rep for 
moths and 10,000-20,000 rep for beetles. Some 
studies have been made on the effects of radiation at 
these levels and above on the baking quality of flours 
and on the palatability of baked products. Group 
threshold for detection of off-flavors, established by 
the probit, lies at about 50,000 rep in yeast breads 
made with milled irradiated wheat and with irradi- 
ated flour (Nicholas ef al., 1958). Milner and Yen 
(1956) reported that commercial-type yeast bread 
made with milled irradiated wheat showed improve- 
ment in volume and loaf scores at 125,000-rep treat- 
ment. Cakes made with bread flour irradiated by 
100,000 rep exhibited a sweeter flavor than the con- 
trol (Brownell et al., 1955). Cakes made with all- 
purpose, cake, and bread flours given 20,000 rep 
showed no differences from the control. Biscuits 
made with the irradiated bread flour at levels greater 


*Journal Article No. 2732, Michigan Agricultural Experi- 
ment Station, East Lansing, Michigan. 


N. L. Webb, B. E. Rutherford, 
D. E. Wiant 


Departments of Foods and Nutrition 
and Agricultural Engineering, Michigan 
State University, East Lansing, Mich. 


than 20,000 rep were gummy, and off-flavors were 
noticed. Alsup (1959) reported that, with the triangle 
difference test, radiation flavor was detectable in bis- 
cuits made with flour irradiated at 50,000 rep. Flavor, 
tenderness, and texture scores, however, were not 
significantly different from the control for biscuits 
made with flour irradiated at 100,000 rep or less. 

Only two of these studies (Milner and Yen, 1956; 
Nicholas et al., 1958), reported irradiation of the 
wheat before milling. Since grain would be irradiated 
before storage to prevent losses from insect infesta- 
tion and since flour would rarely be irradiated under 
practical conditions, the studies reported herein were 
made on flour milled from irradiated wheat. The aim 
of this study was to determine the effect of radiation, 
at levels lethal to insects in the grain, on the baking 
quality of biscuits made from all-purpose flour and 
plain cake made from cake flour. Previous reports on 
baked products have indicated that the product made 
from irradiated flour was scored less desirable if 
panel members were informed of the radiation treat- 
ment (Alsup, 1959; Nicholas et al., 1958). It was 
thought that if the panel members were told only 
that there was a slight variation in ingredients, the 
possibility of prejudice against radiation would be 
removed from the judging. 


EXPERIMENTAL PROCEDURE 


A commercial milling company, International Milling Co., 
Minneapolis, Minnesota, supplied 150 lb of wheat for all- 
purpose flour and 100 lb for cake flour. Part of the wheat was 
treated with ionizing radiation from a one-million-electron-volt 
generator of the resonant transformer type at levels of 23,000, 
46,000, 70,000, and 93,000 rad (the absorption of 100 ergs per 
gram of material). The irradiated wheat, along with the re- 
maining untreated wheat, for control purposes, was shipped to 
the commercial company for milling. A Beta Chlora bleach was 
used in the cake flour. The all-purpose flour was not bleached. 

Cakes were prepared according to the formula in Table 1. 
Flour from each radiation level was tested with every other 
radiation level twice, resulting in 6 tests of each radiation 


Table 1. Formula and method for plain cake. 


Ingredients Measure 


Hydrogenated shortening 56¢ 
Sugar 150¢ 
Egg 48¢ 
Evaporated milk 59 ce 
Distilled water 59 ce 
Cake flour 150 ¢g 
Baking powder 5¢ 
Salt lg 
Method: Cream fat and sugar. Add beaten egg. Sift flour, baking 
powder, and salt. Add to creamed mixture. Add milk and water. 
Scale 215 g batter into each of two 5 X 2% X 2-in. pans lined with 
waxed paper. Bake 36 minutes in 360°F oven. 
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level. One recipe of cake from the control flour and two from 
test flours were prepared for each of 12 testing days. 

Six trained tasters used a multiple-comparison scoring system 
for testing. They were asked to compare each unknown sample 
with the identified control sample as to color, flavor, tenderness, 
texture, and acceptability. Each attribute was rated: 5, bet- 
ter than the standard; 4, equal to the standard; 3, slightly 
below standard; 2, definitely below standard; or 1, extremely 
below standard. Panel members were not told that the flours 
were irradiated. 

Biscuits were prepared from the all-purpose flour according 


to the formula in Table 2. Biscuits were prepared from con- 


Table 2. Formula for biscuits. 


Ingredients Measure 


All-purpose flour 100 
Baking powder (SAS) 10 
Salt 

Hydrogenated shortening 


Milk 


trol flour and the four irradiated flours on each of 6 testing 
days. Six trained judges seored the biscuits as described. 
Again, they were not told that the flours were irradiated. 

Volume and compressibility of the baked cakes were meas- 
ured. Compressibility and elasticity of the dough, and volume 
of the baked product, were recorded for the biseuits. A 
standard loaf volume meter that measures directly in ec, and 
a micrometer adjustment penetrometer measuring in 1/10 mm, 
were respectively used to determine volume and compressibility 
elasticity. One ioaf cake and five biseuits were used for volume 
measurements. Compressibility was recorded in 1/10 mm as 
the reduction of height of a core of 1 in. diameter and %4-in. 
height caused by a weight of 72.6 g resting on the surface for 
15 see. Elasticity of the biscuit dough was recorded in 
1/10 mm as the change in height 15 seconds after the weight 
had been removed. 


DISCUSSION AND RESULTS 


Table 3 gives panel scores for exterior and interior 
color, flavor, tenderness, texture, and over-all aeccepta- 


Table 3. Mean panel seores for cakes made with milled irradi 
ated wheat. 
Level of radiation (rad) 
Standard 23,000 46,000 79,000 93,000 
Exterior “olor 


1 

Interior color 4 
Flavor 1.0 

1 

4 


0 4.0 4.0 
0 0 3 


Tenderness 0 
Texture 
Acceptability 


0 


bility for the cakes. An analysis of variance showed 
no differences for any of the attributes. 

Analyses of variance indicated that volume and 
compressibility of the cakes were not affected ‘(Table 
4). Thus, plain cakes made from wheat treated with 
ionizing radiation at levels lethal to insects appear 
to be acceptable. It will be noted, however, that in all 


Table 4. Mean volume and compressibility values for cakes 
made with milled irradiated wheat. 


Level of radiation (rad) 


Standard 23,000 46,000 70,000 93,000 


Volume (cc) 2,790 2,792 2,795 2,801 2,794 
Compressibility 
(1/10 mm) 21.4 3 22.1 20.9 


attributes other than exterior color there was a trend 
for panel scores to be slightly lower for cakes from 
wheat treated with 46,000, 70,000, and 93,000 rad. 
Analyses of variance of panel scores for biscuits 
showed significant differences for each attribute 
tested. Flavor and acceptability showed highly sig- 
nificant differences at the 1% level of probability ; the 
others were significant at the 5% level. Table 5 shows 


Table 5. Mean panel seore for biscuits made with milled 
irradiated wheat. 
Standard 23 Tt } 70,000 93,000 


Crust color 4.0 3 3.64 
Crumb color 4.0 ) 
Flavor 3.5 3.7 
Tenderness 4.0 3. 3.7 1.74 
Texture 4.0 3.8 
Acceptability 4.0 3 3.6° 


* Significantly lower than the standard an 70,000-rad 


biscuits 


Significantly lower than the standard an 46,000-rad 


biscuits 
Significantly higher than the 46,000 70,000 ' 93,000-rad 
biscuits 
! Significantly lower than the standard biscuits 
* Significantly lower than the standard and 23,000-rad biscuits 
* Significantly lower than the standard biscuits 


the mean panel scores for six judges, who scored each 
treatment six times. The mean panel scores indicate 
that the biscuits from treated wheat were equal to the 
standard product or less desirable, but never superior 
in any attribute tested. The analyses of variance of 
panel scores showed that wheat irradiated at 23,000 
rad before milling produced biscuits like the standard 
biscuit in all attributes; with 46,000 rad, the biscuits 
were different from the standard in flavor, tenderness, 
and texture ; with 70,000 rad, flavor was less desirable 
than the standard; and with 93,000 rad, erust and 
erumb color, flavor, and tenderness were less de- 
sirable than in the standard product. Although these 
differences were recorded by the panel, only the bis- 
cuits from the 93,000 rad treatment were scored less 
acceptable than the standard product. There is no 
ready explanation for the tendency of the panel to 
score 70,000 rad biseuits higher than 46,000 rad bis- 
cuits in most attributes. 

At the levels used, radiation resulted in no differ- 
ences in biscuit volume or dough elasticity as tested 
by analyses of variance. However, the doughs from 
the standard and 70,000 rad treated flours were sig- 
nificantly more compressible and softer than the 
dough from the 93,000 rad flour (Table 6) 

Thus the panel was able to identify differences in 
biscuits at the various levels of radiation treatment, 
vet they recorded cake scores that indicated no differ- 


Table 6. Mean volume, compressibility, and elasticity values 
of biscuits made with milled irradiated wheat. 


Standard 23,000 46,000 70,000 93,000 


Volume (cc) 2,491 2,492 2,497 2,494 2,491 
Compressibility 

(1/10 mm) 57.3 60.8 65.94 57.1 
Elasticity 

(1/10 mm) 25 24.7 29.3 3 29.0 
* Doughs significantly more compressible than doughs from 93,000 
trad-treated wheat flour. 
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ences at the same levels of radiation. It may be that 
the sugar, egg, and/or milk in a cake formula or the 
bleach used in the cake flour helped to mask the 
changes due to radiation. More likely, however, the 
amount of flour present in the two products was the 
determining factor in the differences evidenced. The 
plain cake contained only 28% flour, whereas the 
biscuits were 52% flour. With flour concentration 
nearly twice as great in the biscuits as in the cake, 
more differences would be expected to appear. The 
biscuit formula used was very lean. A richer formula, 
more fat in relation to flour, might produce a biscuit 
more like the standard product. It should be remem- 
bered that only 93,000 rad resulted in a product less 
acceptable than the standard, and that this radiation 
level is higher than that considered necessary for in- 
sect control. 
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The Determination of Soluble Solids in Citrus Juices. III. 


Empirical Factors for Converting Refractometer and Density 


Values to Soluble Solids 


(Manuscript received December 12, 1960) 


SUMMARY 


The soluble solids contents, as determined by vacuum 
drying, of a series of concentrated orange and grapefruit 
juices and single-strength orange and grapefruit juices were 
compared with their sugar scale values as determined by 
refractometer, hydrometer, and pycnometer. The average 
ratios of soluble solids to observed sugar scale values were: 


Refrac- Hydrom- Pye- 

tometer eter nometer 
Single-strength orange juice 0.995 0.970 0.957 
Concentrated orange juice 979 
Single-strength grapefruit juice .992 -961 
Concentrated grapefruit juice 


These ratios are suggested for use as factors for converting 
observed sugar scale values to percent soluble solids for 
improved accuracy without loss of precision. 


“One of the laboratories of the Southern Utilization Re- 
search and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture. 


W. Clifford Scott and 
M. K. Veldhuis 


U. S. Fruit and Vegetable Products 
Laboratory," Winter Haven, Florida 


Tue FIRST PAPER Of this series 
(Seott et al., 1960) showed that there are besides 
citric acid at least seven nonsucrose components that 
significantly affect the accuracy of refractometer 
sugar scale values for citrus juices. The second paper 
(Seott et al., 1961) reported analyses for these com- 
ponents and corrections applied for each to the re- 
fractometer values of a series of concentrated orange 
and grapefruit juices. The multiple correction fac- 
tors, on the average, considerably improved the cor- 
relation of refractometer values with soluble solids. 
In this study the possibility of developing a simple 
empirical factor for converting refractometer values 
to soluble solids was explored as an alternate to the 
multiple correction method. Likewise, factors for 
converting hydrometer and pyenometer Brix values 
to soluble solids were investigated. 


EXPERIMENTAL 


Selection of samples. Fourteen samples of concentrated 
orange juice (12 of 4-fold and 2 high density) were obtained 
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IN SEASONINGS! 


Among spice flavors, Griffith's Solublized Seasonings have the 
rich, full-flavor quality of the Symphony. The mellow, balanced harmony that 
can win more patronage for your product! 

Griffith—both composer and master artist—renders a customer's “flavor score”’ 
with such fidelity, even critics applaud, Blending the woodwinds, 
violins, horns and ‘cellos of the spice tealm into a more harmonious sensation 
of flavor tones so pleasing to your parti¢ular patronage. 

Connoisseurs of flavors, practiced in the science of spice blending nearly 
42 years—Griffith artistry will give your ptoduct a mew high in taste 


appeal. Try Pepperoyal, or a special blend of Solublized Seasonings—now. 
The 
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PROTECTIVE COLLOID 
BINDER 
COATING 


JELLING AGENT 
EMULSIFYING AGENT 


HIGH PROTEIN FOOD 


the clarity of Swift's Superciear 

z | Gelatin. The cake, about 24% 
oe | inches thick, is made from a 
— 10% solution. 


| The young lady is demonstrating 


SWIFT'S GELATINS 
MAY ANSWER YOUR NEEDS 


Gelatin is a versatile food . . . capable of doing many 
things well. But most important to food processors, 
gelatin is a concentrated food protein of high purity. 
And, protein is a business at Swift. As both a pro- 
ducer and a user of gelatin products, Swift & Com- 
pany has been a pioneer in the development, pro- 
duction, and application of gelatin to specific uses. 
If you use protein colloids . . . or if your process 
requires any functions noted above—Gelatin, the 
high purity food protein, may be the answer, and 
SWIFT IS THE INFORMED SOURCE. 


Write today for details: 
SWIFT & COMPANY, 
GELATIN DEPARTMENT 
1215 HARRISON AVENUE, KEARNY, NEW JERSEY 
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either in retail packages or from processing lines of commer 
cial plants in January and February, 1959. Twelve samples of 
concentrated grapefruit juice were obtained, 8 in retail pack- 
ages and 4 from laboratory packs prepared for other purposes. 
Since analyses for soluble solids by drying and refractometer 
values were available from the studies reported in the previous 
paper for 32 samples of concentrated orange juice (23 of 4-fold 
and 9 high density) and 8 samples of concentrated grapefruit 
juice, those results were included in this study. 

For the study of single-strength juices, 4 samples of fresh 
orange juice were obtained from processing plants, 7 samples 
of canned orange juice were obtained either from plants or 
from laboratory packs, and 4 samples of grapefruit juice were 
obtained from canneries. In addition, the 14 samples of con- 
centrated orange juice and 12 of concentrated grapefruit juice 
were diluted and treated as single-strength juices. Conse 
quently, data are presented on 25 orange juices and 16 grape 
fruit juices of approximately single strength. 

Soluble solids. Separation of suspended matter, or insolubles, 
from concentrated juices required their dilution. Samples of 
about 175 g were weighed on an analytical balance, diluted at 
20°C to 700 + 0.3 ml, and analyzed similarly to single-strength 
juices, as follows. Fifty-ml portions were centrifuged at 1600 
r.p.m, with a tip radius of 10 in. for 20 min in capped tubes, 
the temperature again adjusted to 20°C, and 15.0-ml portions 
of the supernatant were pipetted onto sand in tared weighing 
dishes. Duplicate dishes were used in each instance, with volu 
metrie samples being taken from separate centrifuge tubes. 
Visible moisture was removed from the dishes on a steam bath, 
and drying was completed in a vacuum oven at 60 C under 29 
in. of vacuum for 30 hours. 

To check the efficiency of the above method in removing in- 
soluble solids, a sample of commercial frozen concentrated 
orange juice was reconstituted and 1200 ml was centrifuged as 
above. All supernatants were combined. Solids were deter 
mined on one portion of the supernatant, as above. A second 
portion was further centrifuged for one hour, and the resulting 
supernatant dried in the same manner. A third portion was 
filtered with diatomaceous filter-aid and suction, and the filtrate 
similarly dried. Determinations of dry solids were made on 
each of the three elarified portions in quintuplicate, using the 
same pipette to measure all aliquots into the weighing dishes, 
and all 15 dishes were dried simultaneously. All replicates 
except one agreed within 0.04% solids. Centrifuging for the 
additional hour reduced average solids content by only 0.02% 
solids, whereas filtering reduced solids content from that of 
the original supernatant by 0.10%. Since diatomaceous filter- 
aid is known to adsorb compounds of high molecular weight 
and/or electrically charged colloids, it is thought that part of 
the 0.1% reduction in solids by filtering was the result of the 
removal of pectin. The measurement of soluble solids by 
weighing those solids remaining after centrifuging for 20 
minutes is therefore considered sufficiently accurate for the 
purposes of this study. 

Total solids. Single-strength juices or reconstituted concen 
trates were pipetted, without centrifuging, onto sand in tared 
weighing dishes and dried as for soluble solids. 

Refractometer values. Refractometer values were determined 
on all single-strength or reconstituted juices before and after 
centrifuging, and on all concentrates. Readings were taken 
with a Bausch and Lomb Precision Refraectometer adjusted to 
20 + .05°C with circulating water. (The mention of trade 
produets does not imply that they are recommended by the 
Department of Agriculture over similar products not men- 
tioned.) Calibration of the instrument was checked periodically 
with 2,2,4-trimethylpentane, certified by the National Bureau 
of Standards, and distilled water. Room temperature did not 
exceed that of the instrument by more than 5°C at any time. 
Since the seale of the instrument is ealibrated in arbitrary 
units, seale readings were converted to equivalent sucrose per 
centages (sugar scale values) with tables provided by the 
manufacturer. 

Hydrometer Brix. Hydrometer Brix values were taken on all 
single-strength and reconstituted juices both before and after 
centrifuging. Two hydrometers, with seales 0-11° and 9-21", 
were calibrated against a National Bureau of Standards certi- 


CITRUS SOLUBLE SOLIDS FROM SUGAR SCALE VALUES 


359 


fied hydrometer. Readings were taken at 20.0°C; juice, hy- 
drometer, and eylinder were all precooled to the standard tem- 
perature. The 0-11° hydrometer was used only when Brix 
values were less than 10°. The hydrometers were graduated to 
0.1", and readings were estimated only to the closest 0.05°. 

Pycnometer Brix. Pycnometer Brix values were determined 
on single-strength and reconstituted juices both before and 
after centrifuging. Specific gravity of samples was taken by 
weighing to the 4th decimal place in 25-ml specific-gravity bot- 
tles with thermometers and capped sidearms. Temperatures of 
both juice and bottles were adjusted to 20°C before filling, and 
weighings were made within 5 minutes of filling. The weight 
of concentrate or juice was compared to the weight of water 
at the same temperature. Specific gravities were converted to 
degrees Brix with Table 109, National Bureau of Standards 
Cireular 440. 


RESULTS AND DISCUSSION 


Solids determinations by each method in single- 
strength juices, 24 of orange and 16 of grapefruit be- 
fore and after centrifuging, were averaged (Table 1). 


Table 1. Comparison of per cent solids in whole and centri 
fuged juices as determined by various methods. 


Average values 


24 orange juices 16 grapefruit juices 


Whole Cent Diff Whole Cent Diff. 


Vacuum drying 11.628 11.415 0.213 10.242 10.175 0.067 
Refractometer 11.436 11.344 092 10.265 10.252 O13 
Hydrometer 11.723 11.525 198 10.552 10.445 107 
Pycnometer 11.383 11.593 290 10.585 10.517 068 
Titratable acid 798 785 013 1.185 1.182 .003 


The removal of suspended matter from citrus juices 
by centrifuging is possible because of its high density. 
D. A. Morgan, formerly of this Laboratory, found the 
density of washed and dried pulp to be about 1.757°/*, 
The removal of this heavy material, of course, changes 
the relative composition of juice. In three of the 
methods, vacuum drying, hydrometer Brix, and 
pyenometer Brix, the weight of the suspended matter 
is measured along with the dissolved solids. Conse- 
quently, differences due to centrifuging are substan- 
tial. The two values of solids by vacuum drying for 
each juice actually indicate total solids and soluble 
solids by definition. 

Refractometer values should be the same for whole 
and centrifuged juices. The differences shown are 
small, and may be within experimental error. Differ- 
ences between percentages by weight of titratable acid 
were also probably within experimental error. 

The insoluble solids content of grapefruit juice is 
usually lower than that of orange juice. Consequently, 
differences between whole and centrifuged juices were 
less for grapefruit than for orange. 

To compare the compositions of concentrated or 
single-strength juices of varying concentration on a 
common basis, ratios were calculated between soluble 
solids by drying and degrees Brix as determined by 
each of the other methods. These ratios serve as fac- 
tors by which observed values can be converted to 
soluble solids. 

Table 2 illustrates derivation of the factors for con- 
verting refractometer values and pycnometer values 
of concentrated orange juice to soluble solids. To con- 
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Table 2. Derivation of factors for converting refractometer the 10 samples analyzed was 0.969, with a maximum 
values and pyenometer values of concentrated orange juice to variation from the average of 0.021 and a standard 
etuble solid ele deviation of 0.010. 
Similar factors were developed for converting ob- 
Soluble Refrac. Pyen a served Brix values to soluble solids for single-strength 
solids values values Refrac Pyenom. 
(A) (B) (C) (A/B) (A/C) orange juice and concentrated and single-strength 
42.85 43.69 0.981 grapefruit juice. Individual values are not shown, 
40.68 41.73 975 « 
42.00 41.79 aon but derived results are summarized in Table 3. The 
— — 981 number of samples of each type of juice from which 
0.09 36 969 
the averages were drawn is shown in parentheses fol- 
40.73 41.57 980 = i Wice 
68 60 lowing the method. For single-strength orange Juice 
40.64 41.50 979 the average factor for converting refractometer Brix 
ante ye yo to soluble solids was 0.995, with a standard deviation 
00.20 oe ain of 0.017. Maximum observed deviation from the aver- 
40.60 41.68 ‘974 age among the 24 samples was —0.038. Application 
aoe ry ~~ of this factor to juice having a refractometer Brix 
40.53 41.49 977 value of 12.00° would indicate it to contain 11.94% 
40.70 41.55 980 soluble solids (0.995 x 12). Among the samples exam- 
ined, the standard deviation of results of this average 
7 40.84 41.78 978 soluble solids content was 0.20° Brix, with a maxi- 
40.80 41.41 985 mum deviation of —0.46% solids. Statistical analysis 
ane ee 972 indicates that among similar samples examined by 
41.35 41.55 41.76 995 0.990 similar methods, 19 of 20 should deviate from the 
= 0.995 factor by less than 0.044, or +0.53% solids for 
2 5. .972 957 P 
12.00° Brix juices. 
43.03 43.40 43.94 992 979 ‘ 
43.57 44.50 45.22 979 963 Similar analyses of the ratios of soluble solids to 
40.52 41.49 42.16 977 961 rain ste ow ¢ er >. 
hydrometer Brix and to pycnometer Brix of single 
40.54 41.04 41.55 988 976 strength juices show that such ratios are lower, and 
40.60 41.09 41.70 988 974 that deviations from the average are of about the same 
order of magnitude as deviations from the per cent 
43.29 44.26 978 soluble solids/refractometer Brix ratio. 
39.78 41.03 970 
_ ; Since hydrometers could not be used with concen- 
Average 979 969 trated juices, only the relationships of soluble solids 
Maximum deviation from average 016 021 to refractometer Brix and to pycnometer Brix could 
ae be determined. For 46 samples of concentrated 
orange juice, the ratio of soluble solids to refraectome- 
serve space, only values of 4-fold concentrates are ter Brix was the same as reported above for 35 sam- 
shown. Inclusion of the 11 higher-density concen- ples of 4-fold concentrate, 0.979:1. According to 
rates would not change the derived results. The aver- these data, concentrated orange juices having refrac- 
age soluble solids/refractometer ratio for the 35 sam- tometer values of 42.00° Brix would contain an aver- 
= « » enlide » arcec Arya. 
ples was 0.979, with a maximum variation from this age of 41.12% soluble solids. The largest observed 
average of 0.016 and a standard deviation of 0.007. variation from this average was +0.67, or 41.79%. 
The average soluble solids/pyenometer Brix ratio for Observed refractometer values were closer to solu- 
Table 3. Ratios of soluble solids to degrees Brix as determined by refractometer, hydrometer, and pyenometer, with standard 
deviations and maximum deviations from average ratios, and examples. 
Confidence> 
Deviation from average er 
Method and ratio Per cent soluble solids at Dev. from average 
number of Average “ 
samples ratio Std Max. 12° Brix 42° Brix Ratio Sol. solids 
Single-strength orange juice 
{ Refrac.(24) 0.995 0.017 —-0.038 11.94 + .20(—.46)* 044 0.53% 
| Hydr. (24) 970 016 — .039 11.64 + .19(—.47) 041 0.49 
Pyen. (24) 957 oll + .023 11.48 + .13(+.28) .028 0.34 
Single-strength grapefruit juice 
Refrac. (16) -992 009 + .020 11.90 + .11(+.24) .023 0.28 
Hydr. (16) 969 o14 — 032 11.60 + .18(—.38) 034 0.41 
Pyen. (16) 961 oll — .024 11.53 + .13(—.29) 029 0.35 


Concentrated orange juice 


Refrac. (46) 979 007 + 016 41.12 + .29(+.67) .016 0.67 

Pyen, (12) 969 010 + .021 40.°0 + .42(+.88) .030 1.26 
Concentrated grapefruit juice 

Refrac. (20) 996 007 — 015 41.33 = .29(—.63) 019 0.80 

Pyen. (12) 987 013 — 022 41.45 +> 


.55(—.92) 1.43 


* All values enclosed in parentheses are maximum deviations 
° 95% confidence limit for prediction of soluble solids from a single Brix determination on similar samples by similar methods. 
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ble solids than were hydrometer and pyecnometer 
values for all products, and were within 1% of solu- 
ble solids for all types of products except concen- 
trated orange juice. 

The average ratios (2nd column) are presented to 
the 3rd decimal place, which is significant in report- 
ing the relationship of soluble solids to refractometer 
values of the samples studied. The ratios would be 
subject to some variation, however, if different sam- 
ples were subjected to similar analyses. For instance, 
the soluble solids/refractometer value ratio of the 
fourteen 1959 orange concentrates was 0.984, and 
that of the earlier 23 4-fold orange juice concentrates 
was 0.975, whereas that of all the 46 orange concen- 
trates was 0.979. 

Table 4 has been set up to compare the accuracy 
and precision of three methods of estimating soluble 
solids in 4-fold concentrated orange juice from their 
refractometer values. The methods compared are 1) 
current industry practice of correcting refractometer 
values only for acid to degrees Brix, 2) correcting 
refractometer values for 7 components to soluble 
solids as described in the previous paper, and 3) con- 
verting refractometer values to soluble solids by use 
of the empirical factor 0.979 as derived above, 

Since the 12 4-fold orange concentrates obtained in 
1959 especially for this study were not analyzed for 
the various components affecting refractive index, 
only the 23 4-fold concentrates described in the pre- 
vious paper were used for this comparison. 

The 2nd column of Table 4 compares the accuracy 
of the 3 methods. For these 23 samples, soluble solids 
averaged 1.64° Brix lower than refractometer values 
corrected only for acid. Soluble solids averaged only 
about 0.2° Brix lower than refractometer values cor- 


Table 4. Comparison of three methods for converting re- 
fractometer values of 4-fold coneentrated orange juices to 
soluble solids. 


Std. dev. of 


observed sol. 


Observed range 
of sol. solids in 


Sol solids in 
concentrate = 


(average) concentrate» solids 
Method % % % 
Refrac. value corr. 
for acid to ° Brix 40.36 39.94—40.82 0.257 
Refrac. value corr. 
for 7 components 
to % sol. solids 41.79 41.45—42.13 0.250 
Refrac. value 
0.979 41.83 41.37-42.29 0.255 


* Average values of soluble solids by vacuum drying of concentrates 
reading 42.00° Brix by the methods indicated in column 1. These are 
obtained by multiplying 42.00 by the average ratio of observed soluble 
solids to observed degree Brix of 4-fold concentrates. 


> Values obtained by multiplying 42.00 by minimum and maximum 
observed ratios. 


rected for all components known to affect refractive 
index appreciably or converted by use of an empirical 
factor. The failure of the empirical conversion factor 
to produce an average identical with soluble solids 
is due to derivation of the conversion factor from 
46 samples rather than the 23 involved in these 
calculations. 

The final two columns illustrate the relative pre- 
cision of the three methods. There is little to choose 
among them. All are apparently limited by experi- 
mental errors of about the same magnitude. 

Consideration was given to correcting refractometer 
values for acid, and developing a factor for convert- 
ing the corrected values to soluble solids. The con- 
centrated orange juices to which the procedure was 
applied had been blended to between 12.5: 1 and 16:1 
solids-acid ratios, and thus showed little variation in 
acid content. The factor developed for converting 
corrected refractometer values to soluble solids was 
0.965, with a standard deviation of 0.008 and a maxi- 
mum deviation of 0.031, which is no improvement in 
accuracy or precision over use of the conversion fac- 
tor 0.979 applied directly to the refractometer values 


as read. 
CONCLUSIONS 


The average ratios presented in the 2nd column of 
Table 3 are suggested as factors for converting Brix 
values to soluble solids. Use of the factors for con- 
verting refractometer values to soluble solids resulted 
in considerably greater accuracy than the current 
practice of correcting refractometer values for acid 
to degrees Brix, and proved as accurate as correcting 
for 7 refractometrically active components, without 
loss of precision. 

Should it be decided that an empirical conversion 
factor be adopted for refractometer values in esti- 
mating soluble solids, additional samples varying 
more widely in type and source should be examined. 
This may result in slight changes in the factor. The 
work done is sufficient to show that a factor could 
give a better estimation of soluble solids than do ecur- 
rent procedures. 
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Ground Cooked Lean Meat ’ 


(Manuscript received March 29, 1961) 


SUMMARY 

A simplified hydraulic pressure method has been de- 
veloped for determining the free moisture content of cooked 
meat. The effects of sample weight of the cooked meat, 
length of time of pressing, amount of pressure applied, and 
length of time of heating of the raw meat sample were evalu- 
ated. The technique was applied to determine the effects of 
ficin and salts (NaCl and Na,P.O,.) on the free moisture 
content of ground lean steak. A simple technique of 
determining drip loss on cooking is also described. 


Ons OF THE most important fea- 
tures of meat is its ability to bind water. The amount 
of water bound is generally assumed to be determined 
by the degree of hydration of the proteinaceous ma- 
terial (Wierbicki et al., 1956; Wierbicki and Deather- 
age, 1958; Hamm, 1959). Tenderness, juiciness, color, 
taste, shrinkage on cooking, and drip on freezing and 
thawing all appear to be directly related to the water- 
holding capacity of meat (Deatherage, 1955). 

Since no methods are available for determining the 
hydration of the proteins of meat directly, the bound 
water content is obtained by subtracting free water 
content from total moisture content. The total mois- 
ture content is determined by the standard oven dry- 
ing technique (e.g., 8 hr at 110°C). The hydraulic- 
pressure technique (Wierbicki and Deatherage, 1958 ; 
Grau and Hamm, 1953) is commonly used for deter- 
mining the free moisture content of raw meat, and the 
centrifugal-force technique (Wierbicki et al., 1957 ) 
is used for determining the free moisture content of 
heated and cooked meat. With these methods the 
amount of bound water found depends on the experi- 
mental conditions; they give only relative values. 
Nevertheless, for most purposes, it is sufficient to know 
relative differences in water-holding capacity as de- 
termined by a single method. 

The hydraulic-pressure technique for raw meat is 
rapid and requires only 0.5 ¢ for each determination. 
The centrifugal-force technique for heated and cooked 
meat, in contrast, requires a large sample for each 
determination (25 g), special glass centrifuge tubes, 
and an accurate control of the centrifugal force. 

The present paper presents a hydraulie-pressure 
technique for determination of the free moisture con- 
tent of ground cooked lean meat. The method requires 
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only 1.5-g samples and only a few minutes for each 
assay. Evaluation is made of the effects of sample 
weight, press time, amount of pressure, and time of 
heating the raw meat sample. Also presented are 
applications of this method to lean ground steak meat 
with and without added ficin, sodium chloride, and 
sodium polyphosphate. A simple method is given for 
determining drip loss during cooking. 


EXPERIMENTAL 


The meat was trimmed of excess fat and passed through a 
food chopper four times using a pulverizer plate. Cooked meat 
was prepared by heating accurately weighed 10-g samples of 
freshly ground, lean steak 15 min in glass tubes (% X 5 in.) 
in boiling water. At the end of this period the temperature in 
the center of the meat reached 70°C. During the heat treat- 
ment the meat sample rested on a vertieal 1l-in. length of 
tygon tubing (%4-in. OD) so that the amount of drippings re- 
sulting from the heat treatment could be assessed. After the 
heat treatment, the meat sample was mashed with a fork and 
kept in another clean glass tube at 30°C until required for 
determination of free moisture content. A Carver press was 
equipped with a pressure gage from 0 to 600 psi, with inere- 
ments of 10 psi. Quantities of the cooked meat weighed on an 
analytical balance and at room temperature (approx 24°C) 
were placed in a special pressure cell (Fig. 1) and compressed 
at selected pressures and periods. After the pressure was re- 
leased the compressed sample was weighed and the free mois- 
ture content was caleulated as the difference between the 


1.815" 


Fig. 1. Cross section of press cell; B) stainless-steel piston, 
diameter 0.778 in.; C) brass tube, 0.110 in. wall thickness, 
0.780 in. ID; D) meat sample; and E) stainless-steel platform, 
diameter at A = 0.778 in. 
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weight of this sample before and after pressing. The free 
moisture content, as calculated, does not inelude water lost by 
drip during cooking. 

Total raoisture content of raw and cooked meat was deter- 
mined by oven drying for 8 hr at 110°C. 


RESULTS AND DISCUSSION 


Table 1 summarizes the results of pressing cooked 
meat samples of various weights in the press cell for 
60 see at 500 psi. The data indicate good reproduci- 
bility within a sample range. When the sample in- 
creases from approx 0.5 to 1.5 g, the free moisture 
value decreases. When the sample range is 1.5-3.0 g, 
however, the free moisture values are consistent. 


Table 1. Effect of weight of sample on the free moisture 


content of cooked meat.” ' 


Av. sample weight‘ 
(before pressing) Av. free moisture 
(%) 


Meat sample 


0.4802 35.1 
0.8784 31.8 + 0.1 
1.8912 27.7 0.8 
2.6356 22.0 +0.9 


* Drip loss during cooking (av. of four 10-¢ samples), respectively 
21.7% and 21.5% for samples A and B, expressed on raw meat basis 
> Compressed in the hydraulic pressure cell for 60 sec at 500 psi 
Results for sample A are averages of six samples for each weight 
those for sample B, of four samples for each weight group 


group 


Table 2 shows the effect of length of time of press- 
ing at 500 psi on approximately 1.5-g samples. The 
results indicate that the free moisture content is inde- 
pendent of press time after 1 min. 


Table 2. Effeet of pressing time on free moisture content 


»f approx 1.5-g samples of cooked meat, compressed in the press 
cell at 500 psi. 


Duration Weight of sample 
of pressing before pressing Free moisture 
(sec) (g) (%) 
30 1.5206 26.2 
1.5354 26.8 
1.4942 33.7 
1.5267 33.7 
121 1.5000 14.4 
1.4983 33.6 
180 1.4822 34.3 
1.4931 35.7 
240 1.5222 33.8 
1.5466 41.3 


Table 3 summarizes the free moisture values of 
approximately 1.5-g samples after 2 min at 300, 400, 
500, or 600 psi. The results indicate no significant 
difference in varying the pressure from 300 to 600 psi. 

Table 4 summarizes the drip losses of raw meat sam- 
ples immediately after heating and the free moisture 
contents of the cooked samples as related to cooking 
time. The results indicate very little variation in 
either drip losses or free moisture contents from 
varied cooking time. However, there is a definite 
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trend of increasing the drip losses of raw meat and 
decreasing the free moisture of the cooked meat with 


time, 


Table 3. Free moisture values of approx 1.5-g samples of 


cooked meat after 2 min of pressing at 300, 400, 500, or 600 


psi. 


Weight of sample 
Pressure before pressing Free moisture 
(psi) g) 


300 1.4790 34.5 
1.5051 83.5 
400 1.4859 33.2 
1.4974 34.9 
500 1.4993 34.0 
1.4690 34.0 
600 1.4988 34.2 
1.4850 34.3 


increasing the cooking time, giving a total moisture 
loss (drip and free moisture) of the same magnitude 


(52.2, 52.3, 52.3, and 52.6% respectively). 


Table 4. Drip losses immediately after heating, and the free 
moisture contents of the cooked samples as related to cooking 


Cooking time of Drip loss during 


raw meat*® cooking Free moisture” 
(min) (%) (%) 
10 22.1 30.1 
15 30.7 
20 5 29.8 
25 29.4 


> 


* Average of three 10-g samples 
» Average of two approx 1.5-¢ samples, compressed 2 min in the 
press cell at 500 psi 


The total solids content of the pressed-out juice of 
the cooked meat samples was between 2.5 and 3.5%. 
No correlation could be detected between pressed-out 
juice and any of the factors—size of sample, length 
of time of pressing, amount of pressure applied, and 
length of time of heating the raw meat. 

The effects of proteolytic enzymes (papain and 
ficin) and salts (NaCl and NasP30i10) on the water- 
binding capacity of proteins have been studied by 
Whitaker (1961), Hamm (1959), and Wierbicki et al. 
(1957). The free moisture content of cooked meat 
after the addition of ficin and/or NaCl and NasP3010 
was determined with the press cell technique. Table 5 
summarizes the drip losses of the treated samples 
immediately after cooking and the free moisture con- 
tents of the cooked samples as affected by length of 
incubation at 35°C with ficin or NaCl plus NasP3Q10 
or a combination of ficin and the salts. The results 
with the ficin-treated meat indicated a small reduction 
in drip losses, but corresponding slightly higher free 
moisture values. It must be noted that ficin caused 
breakdown of the raw meat proteins, and after 52 
minutes of incubation at 35°C, small pieces of meat 
fiber became apparent in the free moisture squeezed 
out in the press cell. The salt treatments caused a 
large reduction in drip losses during cooking ; the drip 
losses were not affected by length of incubation. 
Cursory organoleptic evaluation showed that the salt- 
treated samples were ‘‘rubbery’’ in texture after 
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Table 5. Drip losses of samples immediately after cooking, 
and the free moisture contents of the cooked samples as affected 
by the action of ficin, NaCl, and NasPsOw. 


Time at Drip loss 


35°C prior during Free 
Meat to cooking cooking* moisture” 
sample Treatment (min) (%) (%) 
A Control one 36.420.2 19.6+0.1 
Ficin, 1.6  10-* g per 19 31.62 1.1 21.6 + 0.6 
g of raw meat 35 32.2 + 1.3 20.3205 
52 28.92+1.9 22.2 + 0.3 
B Control 34.0 + 0.3 
Ficin, 1.6 g per 54 29.2+0.8 
g of raw meat 84 29.5 + 0.6 
119 30.9 + 0.6 
136 30.2 = 0.9 
159 30.0 + 0.5 
2% NaCl plus 2% 80 
108 11.4270.1 
143 10.92 0.7 
Ficin, 1.6 * 10-* g per 71 10.2+0.7 
g of raw meat plus 106 9.32~1.3 
2% NaCl plus 2% 123 9.41.1 
NagP 146 9.61.3 
Cc Control cent 30.6 + 0.2 20.5 = 0.2 
2% NaCl plus 2% NasP;0,. 20 98+01 16.1 +0.3 
50 942-04 15.7 = 0.1 
80 9.9 > 0.6 13.8 + 0.9 


* Expressed on raw meat weight basis 

> Approx 1.5-¢ samples pressed 2 min at 500 psi, expressed on cooked 
meat weight basis. 

© Not done. 
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cooking, but the samples containing both ficin and 
salts had a normal texture. 
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Properties of Emulsifier Films at the Oil- 


Water Interface in Ice Cream 


(Manuscript received April 3, 1961) 


SUMMARY 


Information concerning the physical nature of emulsifier 
films adsorbed at the oil-water interface in emulsions can 
be derived by studying emulsion flow properties, with 
particular reference to their dependence on mean globule 
size and internal phase viscosity. The structure of emulsi- 
fier complex at the oil-water interface in ice cream emul- 
sions has been examined in this way. 

The viscosity data indicate that the fat globules are 
surrounded by a rigid film, so that the flow properties 
of the emulsions resemble those of suspensions of solid 
spheres in liquid media. The milk proteins are involved 
in the development of the rigid layer at the oil-water 
interface, probably through lipoprotein complex formation. 
The rigid interfacial layer, which may be hydrated, is of 
substantial thickness with respect to the dimensions of 
the oil globules. 


P. Sherman 


T. Wall & Sons (Ice Cream) Ltd., 
London, W. 3, England 


METHODS are available 
for study of the properties of emulsifier films at the 
oil-water interface. They fall into the following 
categories : 


(a) Determination of force-area relationships by 
the Langmuir-Adams trough technique. (Rideal, 
1936; Adam, 1941; Harkins, 1952). 

(b) Caleulation of foree-area relationships from 
the change of interfacial tension with concentration 
of emulsifier (Alexander and Johnson, 1950). 

(ec) Determination of surface viscosity, elasticity, 
and rigidity from the damping effect exerted by the 
interfacial film of emulsifier on an oscillating pendu- 
lum system (Blakey and Lawrence, 1954; Boyd and 
Vaslow, 1958; Bulas and Kumins, 1958; Criddle and 
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Meader, 1955; Neilson et al., 1958; Tachibana and 
Inokuchi, 1953). Certain corrections need to be ap- 
plied to the experimental data (Kestin and Wang, 
1957 : Tschoegl, 1958). 

(d) Measurement of ‘‘two-dimensional viscosity 
by use of the concentrie cylinder viscometer principle 
(Bernard, 1957 ; Davies and Mayers, 1960; Ellis et al., 
1955), or a canal viscometer (Joly, 1939, 1947). 

(e) Qualitative assessment of the strength of inter- 
facial films (Serrallach et al., 1933), or the force re- 
quired to rupture the film when subjected to torsional 
shear (Buzagh and Szonyi, 1949). 

These techniques can be applied only to model 
systems in which extended, flat, stationary oil- 
water interfaces are subjected generally to slight 
deformations. 

In practice it is not easy to explain the rheological 
behavior of emulsions in terms of observations on 
such systems. Indeed, little attempt has been made 
to do so. A very appropriate description of the 
present situation (Sumner, 1960) reads ‘‘The ap- 
proach to the properties of emulsions as dispersions 
has been largely physical and mathematical, and 
interactions between droplets have normally been 
ignored. It is clear that progress in emulsion theory 
will require investigation not only of the properties 
of interfacial films as such, but of their influence on 
the mutual relations of the film covered droplets.’’ 

Interpretation of data derived by the above methods 
requires consideration of aging effects. In many in- 
stances, depending on the concentration of emulsifier 
employed, relatively long periods are required for 
interfacial films to develop their maximum viscosity, 
plasticity, ete. (Serrallach ef al., 1933; Sherman, 
1953). 

Some of the techniques can be applied only if the 
chemical constitution and purity of the materials 
involved are known with certainty. Satisfaetory in- 
terpretation of data depends on this also. For many 
emulsion products of commercial interest, e.g., ice 
cream, this is not possible, since the chemical consti- 
tution of the emulsifier, and other raw ingredients 
milk powder, stabilizer, ete.—are not known with any 
degree of accuracy. 

It appears desirable to devise alternative methods 
for studying the properties of emulsifier films at the 
oil-water interface in emulsions. 

Two methods are proposed. They allow for inter- 
action between globules, the interaction between inter- 
facial films around adjacent globules, the influence of 
the interfacial film on fluid circulation within the 
globules and on the deformability of the globules, and 
influence of film hydration and electro-viscous effects 
on emulsion viscosity. The proposed methods involve 
study of the influence of globule mean volume di- 
ameter (d,) and internal phase viscosity (7) on emul- 
sion viscosity at such rates of shear that emulsion 
viscosity (») is independent of shear rate. 


THEORY OF PROPOSED METHODS 


Influence of dy on y. For emulsions with narrow globule size 
distributions in which dy does not exceed 5 aw, the influence of 


dy on » depends on the state of the emulsifier film at the oil- 
water interface (Sherman, 1960 

If the interfacial film exhibits the properties of a plastie 
solid, decreasing d,—by further homogenization, or homogeni- 
zation at higher pressure—leads to an increase in 7. When dy, 
falls below 2 u the effeet is very pronounced. The 7 dy rela- 
tionship is curvilinear and is observed over a wide range of 
dispersed phase volume concentrations (o 

When the interfacial film is fluid, and does not prevent the 
transmission of shear effects to the globules, decreasing dy, 
exerts no effect on until @ approaches 0.5. Then increases 
linearly with deereasing dy. The higher the value of @ the more 
pronounced is the effect on 7 

At the rates of shear at which 7 is measured the globules are 


eompletely defloceulated, i.e. there is no internal-structure build- 
up due to aggregation and formation of links between globules, 
and » depends on hydrodynamic interaction between globules 
ouly. 

For emulsions that achieve optimum, dodecahedral, packing 
at a @ value of 0.74 approximately, and in which the globules 
behave as rigid particles, 


as d ( \ — [1] 


where am is the minimum mean distance between adjacent 
globules (Sherman, 1960 Thus, dy exerts a more pronounced 
effect on am than does ¢. Emulsion viscosity is related ex- 
ponentially to am. 


In emulsions where the interfacial film is fluid, the globules 


undergo distortion at all but low rates of shear. This will 
affect am. The degree of deformation will depend partially 
on ¢, so that in closely packed systems little deformation is 
possible. However, at high values of ¢, e.g., 0.7, small de- 


formations reduce » to a much greater extent than large 
deformations at @ values around 0.5-0.6. 

Influence of 7; on ». If the interfacial film is fluid it is to 
be expected that 9; will influence 7. When the interfacial film 
is solid the globules will behave as rigid spheres, i.e., as if 
ni > o. In the latter case 7; will not affect 7. 


Several modifications of Einstein’s (1911) viscosity equation 


for very dilute suspensions of rigid spheres have been pro- 
posed (Taylor, 1932; Leviton and Leighton, 1936; Oldroyd, 


1955; Rajagopal, 1960) to account for the influence of 9; on 9 
in certain emulsions. 

When studying the effect of » of variation in 9; care must 
be taken to ensure that the interfacial equilibrium remains 
unaltered (Sherman, 1955 


EXPERIMENTAL METHODS 


Discussion in the theoretical section indicates that the strue- 
ture of the emulsifier film around globules in an emulsion ean 
be deduced indireetly from viscosity data, provided one knows 
the influence of dy and 7; on 7». 

These methods have been applied to a study of interfacial 
structure in ice cream mixes (dilute oil-in-water emulsions). 


Influence of d, on 7. Ice cream mixes were prepared in Pilot 
Seale Plant according to the recipes: 
% composition (w/w) 
(a) b) (c) (d) 
Oil phass 
Hardened vegetable fat 
(iodine value 70, 
mp 33-34 4.35 8.38 12.41 15.54 
Commercial-grade glycery! 


monostearate (approx. 30% 


monoglyceride 0.53 0.53 0.53 0.53 
Aquedus phase 
Water 66.24 62.21 58.15 55.05 
Milk powder 13.10 13.10 13.10 13.10 
Sugar 15.60 15.60 15.60 15.60 
Vegetable gum 0.18 0.18 0.18 0.18 
0.053 0.101 0.148 0.184 
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Five mixes were prepared in accordance with each recipe, and covering a wide range of viscosities. The rates of shear 
1000, 1500, 2000, 2500, and 3000 over which viscosities were examined extended from 60—800 
1 


respectively homogenized at 


secs 


psi. 
Most of the emulsions exhibited non-Newtonian flow. 


Globule size distribution, and d, of each emulsion, were de 
termined from microscopic counts on approximately 2,000 


DISCUSSION OF RESULTS 


globules per sample. 


1 
midi? + neds? ——— + nad,’ Influence of d, on ». Fig. 1 shows linear » — re- 

dy d, 

\ lationship for the viscosity data of the four ice cream 
where mm, Ms, lx, are the respective numbers of globules recipes (Table 1). 

with diameters dh, de, dx. For the two lowest ¢ values, decreasing d, produces 
Of the globules, 95% or more fell within the size range little change in » over the d, range examined. This 


0.5 2.5 Most of these were within the limits 0.5-1.5 u. Ho t 
mogenization of the mixes for any one recipe at progressively — not app y 0 he O aCr wo m1x¢ “ n both cases 
higher pressures shifted the size distribution from the upper to inereases curvilinearly with decreasing d,. Increase 
the lower limit. in » per unit change of d, is greater at a @ value of 
Influence of 4 on 7. Two series of emulsions were prepared. 0.184 than at 0.148. The reason becomes apparent in 
(1) Iee cream type of recipe later discussion. 
Oil phase The viscosities of the ice cream mixes follow the 
ned vegetable fs 7.43-48.06 
Hardened ve ta fat 7.43-48.06 relationship 
Molecularly distilled glycery! mono 
stearate (soap-free, or with 7 =m ] +C [3] 
potassium stearate ) 0.18 dy, 
Aqueous phase 
Water 63.57-22.94 
Spray-dried milk powder 13.10 
Sugar 15.6 


The two phases were heated independently to 70°C and then 
mixed with vigorous agitation, the oil phase being dispersed in 
the aqueous phase. Finally the erude emulsion was passed 


several times through a laboratory-model homogenizer. 


(2) Liquid paraffin-in-water emulsions: 


Medicinal-grade liquid paraffin was emulsified in water 
using 0.2% moleeularly distilled glyceryl monostearate 
(soap-free, or with potassium stearate; expressed as % of 
emulsion total weight). The volume concentration of oil 
phase ranged from 0.04 to 0.35. 


—~*$=0.1478 


The glyceryl monostearate was dissolved in the oil phase. 
Both phases were heated independently to 70°C, and the 
oil phase then added with vigorous agitation to the aqueous — 
phase. The crude emulsion was then passed several times } am, 


1 (POISE AT 21°C) 


All viscosities (9, mo, and 9:) were determined with a 
coneentric-eylinder Couette-type viscometer (MeKennell, 
1960). This was ealibrated previously against silicone oils 


Fig. 1. The influence of 1/dy on 7. 


Table 1. Rheological data for ice cream mixes prepared on pilot plant." 


Interglobular separation Thickness of hydrated layer 
Continuous am Ar 


Emulsion viscosity (poises @ 21°C) phase 
viscosity Amended 
Calculated (Ne) Mean globule from [i] and Calculated 
Experimental poises @ diameter Calculated [e] to allow Calculated from [i] 
o (ne) From [a] From [g] 21°0) dy (a) from [1] for Ar from [f] and [e] 
0.285 1.014 1.434 0.834 0.621 0.305 
0.286 0.109 0.992 1.403 0.803 
0.0526 0.290 0.124 0.128 O.9R5 1.392 0.792 
0.293 0.980 1.385 0.785 
0.31 0.937 1.325 0.725 0.659 0.300 
0.39 1.170 1.105 0.505 0.649 0.270 
0.42 0.146 0.167 0.117 1.027 0.971 0.371 
0.1010 0.44 0.914 0.864 0.264 
O44 0.904 0.854 0.254 
243 0.230 


240 0.339 

0.84 1.114 0.792 0.192 

0.1478 0.89 0.203 0.121 1.028 0.731 6.131 
0.99 0.949 0.675 0.075 0.304 

946 673 


‘ 1.413 83: 23: 0.346 
1.10 1.308 0.773 0.173 
0.1835 1.16 0.250 0.129 1.259 0.744 0.144 
1.48 1.100 0.650 0.050 

1.74 1.028 0.607 0.007 0.342 


* The numbers in square brackets refer to equations quoted in the paper. The letters in square brackets refer to equations quoted in Appendix I. 
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a progress report on 


“Immersion Freezing” 


agents opens impressive new possibili- 

ties for progress in the food industry. 
“Immersion Freezing”, as this process is 
known, holds promise of faster production, 
higher quality standards and the availabil- 
ity of totally new food products. 
“Immersion Freezing” has received much 
publicity which, like many new major tech- 
nological breakthroughs, is accompanied 
by rumors and claims that tend to distort 
the picture. The purpose of this report is to 
provide a factual evaluation of the process 
and its potential. 
Air Reduction Sales Company, through its 
Cryogenic and Special Products Depart- 
ments and its Customer Service Laboratory, 
has been a pioneer in “Immersion Freez- 
ing”. The facts in this report are based on 
two years of development and evaluation. 
We trust this report will provide the reader 
with reliable information that will enable 
him to evaluate the potential of “Immersion 
Freezing” in relation to his own operation. 
“Immersion Freezing” is an almost instan- 
taneous freezing process which involves the 
immersion of food products into a liquefied 
gas. It requires custom designed equipment. 
“Immersion Freezing” with liquefied gases 
is going to be more expensive in unit freezing 
costs than conventional freezing techniques. 
This higher basic cost, however, may be 
more than offset by what Airco technolo- 
gists call the XYZ factors. 


T= use of liquefied gases as freezing 


X—Quality improvement 
Y—Increased production 
Z—New product possibilities 


FACTOR X 

Represents improvement in quality. Qual- 

ity to the frozen merchandiser might be 

expressed in improvements in flavor, color, 
vitamin retention, tenderness . . . resulting 
in better over-all consumer acceptability. 

For example: 

1. Strawberries frozen with liquefied gases 
retain normal color and close-to-normal 
texture. 

2. Meat has better color and is more tender. 

3. Whole kernel corn now has no loss in 
kernel constituents or vitamins, on-the- 
cob flavor is retained. 


from Airco 


4. Ice cream has more uniform texture and 
appearance. 


FACTOR Y 

Represents improvement in production or 
throughput. The use of liquefied gases as 
expendable refrigerants allows the food 
freezer to supplement existing refrigeration 
for peak seasonal loads. Improvements in 
throughput may provide many savings in 
processing to the frozen food packer. 

For example: 

1, The hardening room can be by-passed in 
the freezing of ice cream. 

2. A shorter freezing cycle allows reduction 
in the floor space requirements in many 
processes. 

3. The freezing of cut-up poultry can be a 
continuous process, by-passing freezing 
storage and extra handling. 

4. In the freezing of whole kernel corn, yield 
may be increased by as much as 25%, 


FACTOR Z 

Represents the ability to freeze products 

which cannot be successfully frozen by any 

other means. Following are some of the ad- 
vances made by Airco in this all-important 
area of new product development: 

. CITRUS CELLS—After immersion of a 
peeled orange, grapeiruit, lemon, lime or 
other citrus fruit in a liquefied gas, the 
product can be reduced to individual cit- 
rus cells, These individual citrus cells can 
be used in a variety of applications—ice 
cream, cottage cheese, confectionery 
products, orange juice concentrate. 


— 


. TOMATO SLICES—*‘ImmersionFreezing” 
of tomato slices or wedges yields a highly 
acceptable product. The extremely fast 
freezing results in a product which, when 
thawed, closely approximates the fresh 
tomato. 

. SLICED BANANAS—Bananas frozen by 
immersion in liquefied gases retain a high 
percentage of their original appearance, 
color and texture. 

All aspects of “Immersion Freezing”’ cov- 

ered by Airco’s XYZ factors are in various 

stages of development by Air Reduction’s 


AIR REDUCTION SALES COMPANY 


Customer Service Laboratory 


1400 East Washington Ave., Madison 10, Wisconsin 


Customer Service Laboratory. Only one of 
them is in commercial production at this 
time. They are listed here to demonstrate 
the possibilities for better quality, produc- 
tion savings and new products which may 
offset the higher initial cost. 


DEVELOPMENT OF DATA: 
The development of sound technical and 
engineering data is the basis of the Air Re- 
duction approach to this field. Following is 
information based on Airco studies cover- 
ing areas where care must be exercised in 
the application of “Immersion Freezing”. 

. Liquid nitrogen is not an effective bac- 

tericidal agent. 

2. Pre-cooling or other forms of treatment 
are sometimes required prior to “Immer- 
sion Freezing”. 

3. Some packaging materials, adhesives, 
glues, etc., will not withstand the ex- 
tremely low temperatures resulting from 
liquefied gas freezing. 


4. Enzyme systems appear to function even 


at these low temperatures. 
. Each product requires individual evalua- 
tion for freezing by this method. 


SPECIAL EQUIPMENT NEEDED: 


The Special Products Department of Air 
Reduction Sales Company is developing the 
freezing equipment for “Immersion Freez- 
ing”. Each product will require custom de- 
signed equipment for freezing. Design con- 
siderations include throughput require- 
ments, product characteristics, handling 
equipment and packaging requirements. 
The Cryogenic Engineering Department of 
Air Reduction is developing closed cycle 
refrigeration systems using either liquid ni- 
trogen or nitrous oxide. These systems will 
take into account the normal operation of 
the producer’s plant, seasonal characteris- 
tics of growing or harvesting of product, 
stability of the market, etc. Capital require- 
ments for this type of freezing system are 
considerable and, therefore, long-term use 
agreements with adequate guarantees and 
financing will be required. 

Readers are invited to write to Air Reduc- 
tion Sales Company for additional infor- 
mation, or for advice concerning specific 
freezing problems. 
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where m is the gradient, and C the intercept on the 
ordinate axis. The gradient m increases curvilinearly 
with increasing ¢; C increases linearly with increas- 
ing @ for the @ values examined. In general, C is re- 
lated exponentially to ¢ (Sherman, 1960). 

From [1], 7 — am relationships have been calculated 
(Fig. 2). This form of presentation has the advan- 
tage that all data are summarized on a single graph. 
It also suggests an explanation for the experimental 
observations since y increases curvilinearly as am de- 
creases. When a, falls below approximately 1 p», 7 
increases more pronouncedly with further decrease in 
am. This critical value of a, is rather high. It sug- 
gests that some additional phenomenon is involved 
that has not been considered hitherto. 

The most likely explanation would be hydration of 
milk protein adsorbed at the oil-water interface, and/ 
or the development of an extensive layer of surface- 
denatured and coagulated protein around the globules. 

Appendix 1 indicates how the thickness of this 
layer (Ar) can be calculated theoretically from vis- 
cosity and mean globule-size data, starting with the 
Einstein (1911) equation for dilute suspensions of 
solid spherical particles [a]. The Guth-Simha (1936) 
extension of this equation to more concentrated sys- 
tems [g] is also considered. This latter equation 
allows for interaction between the particles at higher 
values of @ by introducing a factor 14.1 ¢*. Several 
workers believe that a lower value of ¢* should be 
employed (Sherman, 1959). 

Caleulated values of Ar are quoted in Table 1, which 
also contains all other relevant data. On the basis of 
the Guth-Simha equation the » — am relationships have 
been amended to give the broken-line curve shown in 
Fig. 2. An average thickness of 0.3 » is assumed for 
Ar. In the amended form the curve indicates that » 
increases more pronouncedly when a, falls below 


--% --x- Gm values corrected to allow for hydrated 
2:0 protein layer around the globules 
—o——am values calculated fromd,data ( equation 1) 


| 


fe) 


Je (POISE AT 21°C.) 


Fig. 2. The influence of interglobular separation (am) on 
the viscosity of ice cream mix (ne). 


0.5 ». This agrees with previous observations (Sher- 
man, 1960). 

Ice cream mixes, although relatively dilute emul- 
sions, show marked rise in » with change in d, because 
the globules are surrounded by a ‘‘shell’’ 0.3 p» thick. 
This ‘‘shell’’ alters the effective dimensions of the 
globules. It increases the interaction between the 
globules at relatively large values of ay. 

Interpretation of viscosity data in this way so as to 
show the dependence of » on a, indicates also why 
Einstein’s equation requires no term for particle size. 
For the values of ¢ over which this equation holds, the 
values of a, are so large that » remains unaffected by 
change in d,. Since it is assumed that there is no in- 
teraction between the spherical particles and the con- 
tinuous medium, no ‘‘shell’’ of thickness Ar develops 
around the particles. Disagreement regarding the 
factor 14.1 ¢? in the modified form of this equation 
may be due to disregard of the influence exerted by dy 
at higher values of ¢, particularly if the sphere di- 
ameters are on the order of 1 ,» or less. 

Fig. 1 indicates some further points of interest 
arising from the dependence of » on dy. At higher 
values of ¢, larger homogenization pressures are re- 
quired to achieve the same d,. As an example of this 
we derive the homogenization pressures that have to 
be applied to obtain a d, of 1.0 » in ice cream mixes 
with different fat contents by replotting the Fig. 1 
data as d, against homogenization pressure. 


Homogenization pressures (psi) 

% fat content required to achieve d, of 1.0 u 
1,500 
1,600 
2.200 


2,800 


Since mixes of lower fat content exhibit lower dy, 
values than those of high fat content, increasing the 
homogenization pressure from 1000 psi to 3,000 psi 
reduces d, more in the latter than in the former. Ice 
cream mixes containing only 4% fat are influenced 
little by increased homogenization pressure. 


d, (x) at following homogenization 
pressures (psi) 


% fat content 


1.000 3,000 
1.01 0.94 
1.17 0.84 
1.24 0.95 
1.4] 1.03 


Influence of »; on 7. Tables 2 and 3 respectively 
show viscosity data for liquid paraffin-in-water and 
ice cream emulsions containing molecularly distilled 
glyceryl monostearate as emulsifier. The viscosities 
determined experimentally are quoted ; also viscosities 
caleulated by means of the Taylor (1932) and Leviton 
and Leighton (1936) equations. 

For the liquid paraffin-in-water emulsions the cal- 
culated viscosity values agree well with those found 
experimentally for values of ¢ extending to approx. 
0.2. Up to a ¢ value of 0.15, Taylor’s (1932) equation 


= wie 
{ 
4i. 
a [ 
q 
15.54 
\ 
\ 
i 
4.35 
\ \ oo 
x \ 12.41 
\ 
\ 15.54 
| x \ rc} 
\o 
\ x \ fo) 
\ 
| 
os} 
026 05 +0 15 


398 FOOD TECHNOLOGY, SEPTEMBER, 1961 


holds; at a @ value of 0.2, Leviton and Leighton’s 
modification shows better agreement with the experi- 
mental values. At higher @ values the deviations be- 
tween theoretical and experimental values of » become 
quite pronounced. 


Table 2. Viseosity data for liquid paraffin-in-water emulsions 

emulsified with molecularly distilled glyceryl monostearate. 
» (poises at 70°C) 

Caleu Caleu 

No lated lated 

Emulsifying ( poises ( poises Meas from from 

agent at 70°C) at 70°C) ured [3]* [4]* 


Monoglyceride 0.0424 0.164 0.0045 0.0049 0.0050 0.0051 
0.0825 0.164 0.0045 0.0052 .0054 0.0057 
0062 0.0073 


plus 6.0% 
potassium 0.1523 0.159 0.0045 0.0062 


stearate 


Soap-free 0.0424 0.167 0.0045 0.0052 0050 0.0051 
mono 0.0825 0.160 0.0045 0.0056 0054 0.0057 
glyceride 0.1523 0.160 0.0045 0.0066 0062 0.0073 

0.2000 0.161 0.0045 0.0086 0067 0.0088 
0.2560 0.161 0.0045 0.0092 0073 0.0111 


0.3470 0.161 0.0045 0.0220 0.0083 0.0176 


* Refers to equations quoted in the text 


Thus the interfacial layer surrounding liquid 
paraffin-in-water emulsions stabilized by molecularly 
distilled glyceryl monostearate is in the fluid state. 

Similar agreement between experimental and theo- 
retical values of » is not found with ice cream emul- 
sions, even for the values of ¢ extending to 0.2. In all 
instances but one, the experimental values of » are 
higher than those ealeulated. This indicates, in agree- 
ment with the comments of the previous section, that 
the globules are surrounded by a rigid layer and be- 
have as solid spheres. The major contributor to this 
rigid layer must be the protein content of the milk 
powder. 

Further support for this conclusion was obtained 
from unpublished interfacial tension data (Sherman). 
Interfacial tensions were determined at 70°C by the 
drop-volume method (Harkins and Humphery, 1916) 
for solutions of commercial and molecularly distilled 
grades of glyceryl monostearate in hardened vegetable 


Table 3. Viseosity data for ice-cream-type mixes emulsified 
with moleeularly distilled glyceryl monostearate. 


7 (poises at 70°C) 


Caleu- Caleu- 

oT No lated lated 

Emulsifying (poises (poises Meas from from 
agent at 70°C) at 70°C) ured [3]* [4]* 
Soap-free 0.0825 176 0.019 0.023 0.023 0.024 
monoglyceride 0.1523 171 0.019 0.037 0.026 0.031 
0.2560 0.019 0.050 0.0380 0.045 

0.347 0.019 0.090 0.035 0.070 

0.436 7: 0.019 0.30 0.039 0.107 

0.534 17 0.019 1.80 0.043 0.193 


Monoglyceride 
plus 3.0% 0.1523 17 0.019 0.035 0.025 0.031 
potassium 
stearate 


Monoglyceride 0.0825 : 0.019 2: 0.022 0.024 
plus 6.0% 0.1523 \ 0.019 BE 0.026 0.031 
potassium 0.347 f 0.019 2% 0.035 0.070 
stearate 0.438 : 0.019 26 0.040 0.119 

0.534 0.019 h 0.043 0.194 


Monoglyceride 

plus 7.0% 0.1534 0.019 0.026 0.030 
potassium 
stearate 


* Refers to equations quoted in the text. 


fat against water, or water plus milk powder. The 
reduction in interfacial tension, i.e., increase in sur- 
face pressure, was always much greater when milk 
powder was present in the aqueous phase. 

These changes in interfacial tension can be at- 
tributed to complex formation. This follows penetra- 
tion of the emulsifier film around the oil globules by 
the non-polar side groups of the first layer of adsorbed 
milk protein (Matalon and Schulman, 1949; Eley and 
Hodge, 1957). Since the concentration of milk pow- 
der in the water phase was kept constant, the magni- 
tude of interaction depended on the quantity of un- 
associated molecules of emulsifier at the interface. 

‘‘Creaming’’ tests with ice cream emulsions at 
20°C indicate that as much as 80-90% of the total 
protein content migrates to the cream layer. Thus, 
the lipoprotein complex at the oil-water interface may 
be associated with a layer of denatured protein. The 
thickness of an adsorbed monomolecular protein film 
should not exceed 0.003 » so that this layer of de- 
natured protein may be of polymolecular dimensions. 

It is conceivable that the many films of protein 
within the protein layer have undergone different de- 
grees of denaturation and coagulation, depending on 
their proximity to the oil-water interface. The magni- 
tude of these changes would govern the amount of 
water bound by the protein films. 

Bulk hardened vegetable fat with commercial or 
molecularly distilled grades of glyceryl monostearate 
dissolved therein, begins to crystallize within the tem- 
perature range 23.9-22.2°C, as found by dilatometry. 
Emulsified hardened vegetable fat supercools, and 
erystallization begins at approx. 15°C. Since all vis- 
cosities in the present work were determined at 21°C, 
it can be taken that under the test conditions the oil 
within the globules was liquid. The globules behave 
as rigid spheres because they are enveloped in a solid 
layer of lipoprotein. 

Previous work (Sherman, 1960) suggests that for 
emulsions stabilized by non-ionic emulsifiers inter- 
facial rigidity is found only in the water-in-oil sys- 
tems. These observations were fortuitous, arising 
from the choice of emulsifiers. The present work 
shows that interfacial rigidity can be obtained in oil- 
in-water emulsions also as a result of complex forma- 
tion at the interface. Thus, the proposition that only 
water-in-oil emulsions are stabilized by rigid inter- 
facial films (Schulman and Cockbain, 1940a,b) does 
not find general application. 
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APPENDIX I 


Methods for Caleulation of Hydration Layer Around the 
Globules in Iee Cream Emulsions 


For very dilute suspensions of solid spherical particles dis- 
persed in a fluid medium, the Einstein (1911) equation states 
that: 

n = mo [1 + 2.5 or 


If the globules are surrounded by a hydration layer 
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Te ~ No 
2.5 (X@) |, or — 
n 


Ne = to [1 2.5 X¢ |b] 


where me is the experimentally determined emulsion viscosity, 
and X is the apparent increase in 


Ne ~ No , 
Therefore, - — fe] 


A¢ + I ) 
Also X [d] 


where N is the number of globules per unit volume of emulsion. 
So, Ar WXr-r r(VX—1 le] 

From, 
De No re) 
Ar rj 3 | f | 


For higher values of @ than those covered by [a], the Guth 
Simha modification (Guth and Simha, 1936) of [a] is applied: 


2.5@ + 14.197], or + 14.1¢° ig 
n 


If the globules are surrounded by a hydrated layer 


Ne n 2.5 14.1 (X@ 


No 
2.5 + 14.1 (X@)* 


14.1 
Therefore 


25+141¢@ 


Ne — No j 
14.1 ( lil 
Ne 


This equation can be solved for X since all values are known 
with the exception of X. 


14.1 @ X* + 2.5 X 


In conjunction with |e], Ar can be determined. 
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Variations in Heat Treatment of Individual Product 


Particles in Plate Heat Exchangers 


(Manuscript received May |, 196! 


SUMMARY 

Variation in heat treatment of individual particles dur- 
ing processing of certain foods is important in relation 
to destruction of enzymes and microorganisms, and 
changes in flavor, color, or physical properties of the 
product. Possible extremes of heat treatment during proc- 
essing in three plate heat exchangers were evaluated. 
The results were markedly influenced by. the sensitivity 
of methods for detecting the slowest and fastest particles. 
A covductivity test for residence times detected variations 
of heat treatment of about threefold in a small proportion 
of the test fluid in two of the exchangers, and a motion- 
picture procedure showed a similar range in one unit. 
Other evidence indicated that small amounts of fluid 
received much greater variations in heat treatment, espe- 
cially under unfavorable conditions of equipment opera- 
tion. Fastest and slowest particles are necessarily defined 
arbitrarily on the basis of the sensitivity of the measuring 
system, and hence may imply unwarranted confidence 
in the lethality of heat treatment of the fastest particles. 
Design and operation of plate heat exchangers should 
avoid low-velocity zones and air-pocket formation, since 
these may contribute to fouling of heat-transfer surfaces, 
build-up of thermophilic organisms, and flavor damage 
to the product. 


Ix HIGH-TEMPERATURE SHORT-TIME 
(HTST) sterilization and ultra-high-temperature 
(UHT) pasteurization processes, the heat treatment 
given individual product particles during passage 
through heating or cooling equipment may vary con- 
siderably. Nevertheless, uniform heat treatment is 
desired: The minimum treatment is important in 
destruction of pathogens, spoilage organisms, and cer- 
tain enzymes; the maximum treatment may influence 
flavor, color, or other properties of the produet, or the 
amount of material cooked on heat-transfer surfaces. 

Heat treatment depends on both temperature and 
time of holding. One approach to achieving uniform 
residence time of particles in equipment is to promote 
effective continuous mixing of product during flow, 
which also assures uniform temperature treatment. 
Hence, uniformity of residence time among individual 
particles is an important criterion of the suitability 
of a heat exchanger or holding device for food 
produets. 

This paper deals with variations in heat treatment 
of individual product particles in three plate heat 
exchangers, particularly in relation to varied resi- 
dence times. 

“Present address: Department of Agricultural Engineering, 
University of British Columbia, Vancouver, B. C. 


W. L. Dunkley, E. L. Watson," 
and A. A. McKillop 

Departments of Food Science and Tech- 
nology and Agricultural Engineering, 
University of California, Davis 


LITERATURE REVIEW 


Walzholz (1940) studied the flow characteristics of holding 
devices by recording conductivity changes as a dilute salt solu- 
tion replaced water (or vice versa) during flow through equip 
ment. He obtained S-shaped curves representing the residence- 
time distribution of individual partieles. The initial change in 
conductivity was abrupt, and provided a measure of shortest 
residence time-—the most important point on the curve from a 
bacteriological viewpoint. The conduetivity approached its 
final value asymptotically, so Walzholz arbitrarily adopted the 
point at which 95% of the product had passed through the 
apparatus as a measure of the longest residence time—the most 
important point in relation to physical properties of the 
product. The ratio of the longest to the shortest residence 
times, termed ‘‘Gutegrad,’’ was used as an important criterion 
of uniformity of residence time in the holding device. 

The term ‘‘efficiency’’ is (unfortunately) in common use in 
the United States and Great Britain to express uniformity of 
residence times. It is defined as the ratio of the time for the 
fastest observable particle to an average residence time (Cut 
tell, 1948; Jordan et al., 1952). This eriterion emphasizes the 
importance of the shortest residence time without consideration 
of extremes of overholding. 

Data on flow patterns, pressure drops, and heat-transfer 
characteristics of the three plate heat exchangers used in the 
present study are reported elsewhere (Watson et al., 1960; 
McKillop and Dunkley, 1960). Flow characteristies were 
studied in one unit by observation through a clear plastie win- 
dow, and in all three exchangers by the Walzholz method. 

One of the plate exchangers (unit A) had flat heat-transfer 
plates alternated with corrugated, perforated, gasketed plates 
used to secure desired clearances and direct the flow in the 
space between adjacent heat-transfer plates. In this unit it 
was convenient to replace an individual heat-transfer plate 
with a transparent Plexiglas plate for observation or photo- 
graphing of flow. Motion pictures were used to record con- 
fluence of a safranin solution as it displaced water in the space 
between the plates. From these pictures it was possible to 
draw velocity profiles, caleulate ‘‘shortest’’ and ‘‘longest’’ 
residence times of dye, and observe behavior of air pockets 
trapped in the flow channel. Variations in residence times of 
individual particles passing through a single plate of unit A 
were markedly influenced by three flow behaviors. A relatively 
unobstructed channel just inside the gaskets allowed higher 
velocities of small streams near the edges of the flow channel. 
Low-velocity zones permitted small spots of dye to persist in 
the flow area for a substantial time after the principal flow 
channels were flushed free of dye. In downflow passes at low 
flow rates, air was trapped in pockets in the flow channel, 
thereby reducing residence times. 


METHODS 


The equipment and methods have been described (Watson 
et al., 1960). Some terms used in reporting and discussing the 
results are defined arbitrarily as follows: 

Fastest particle. Measured as the first response detected by 
the method specified (conductivity or motion picture). 

Slowest particle. 1) By the conductivity method ecaleulated 
from the time required for 98% of the particles to pass the 
outlet electrode; 2) by motion picture method calculated from 
line of demarcation between dye and water when safranin solu- 
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Table 1. Ratios of residence times for fastest and slowest particles to average residence time under varied flow conditions. 


Average” 


used in 
Unit Section Method * ratio 1000 
A Holding tube C M 81 
VT R20 
Single plate 

no air ( M ADS 
VT 43 
with air i M 32 
VT 10 
no air MP VT 47 
with air MP VT 19 

no air DS VT 
A Heating section c M 66 
VT 45 
B Heating section Cc M 48 
VT 54 

( Heating section oC M 

VT 


*C, conductivity; MP, motion picture; DS, dye spot 
»M, median; VT, volume time 


tion was flushed from flow channel with water; 3) by dye spots, 
ealeulated from time safranin remained visible in flow ehannel 
when flushed with water. 

Median residence time. Calculated from time for 50% of 
salt to pass outlet electrode in conductivity tests. 

Volume time. Average residence time calculated from flow 
rate and volume or cross-section area of equipment. 

The sensitivity of the conductivity method was eompared 
with the 3A Standard method (Anon., 1950) for deter 
mining the holding time in HTST pasteurizers using a Solu 
Bridge Flow Timer (Industrial Instruments Ine., Jersey City, 
New Jersey). The 3A Standard method yielded residence times 
for fastest particles that were 14% longer than those obtained 
with the conductivity method of Watson et al. (1960) when 
applied to the holding tube of unit A, and 15% longer for the 
heating section of unit A. For these tests, the sensitivity of 
the Solu-Bridge Timer was set at 70—the highest that could 
be used without the timer being activated by the conductivity 
of the tap water. 

Temperature data for use in constructing time-temperature 
curves were obtained in two series of experiments with each of 
the exchangers, with heating-water temperatures of 165 and 
180°F, and thermocouples placed in the main flow channels and 
in side channels where channeling was expected. 

All results reported are based on tests with water or dilute 
solutions of salt or safranin. 


RESULTS AND DISCUSSION 


Residence-time ratios. Residence times at selected 
flow rates were determined by the conductivity 
method for the holding tube and individual plates of 
unit A and the complete heating sections of units A, 
B, and C. To calculate selected residence-time ratios, 
the residence-time data were plotted, a smooth curve 
was drawn through the points, and the required resi- 
dence times were read from the curves. Table 1 con- 
tains ratios of times for fastest and slowest particles 
to average residence times. For comparison, the table 
also includes ratios based on motion-picture results 
for single plates of unit A. 

For the holding tube of unit A, there was excellent 
agreement between the ratios caleulated from the 
median residence times and those caleulated from 
volume times. The ratios of the residence times for 
the fastest particles to the volume times are higher 
than. predicted from results of Jordan et al. (1952) 
for the low Reynolds numbers in this holding tube 
(4,500 to 13,500). The difference may be partly at- 
tributable to the greater turbulence in the holding 


Fastest particles at flow rates (lb/hr) 


2000 


Slowest particles at flow rates (lb/hr): 


3000 4000 1000 2000 8000 4000 
.80 1.45 1.36 1.32 
.80 1.45 1.33 1.32 
50 1.78 1.15 
50 1.69 1.47 1.15 
1.58 1.62 
52 1.3 
1.45 1.7 
1.9 
9.83 2.5 
71 1,39 1.32 1.17 
70 1.04 1.15 1.16 
59 1.43 1.57 1.64 
.62 1.62 1.69 
.79 79 1.08 1.15 1.14 
83 RI 1.15 1.20 1.18 


tube of unit A that resulted from the use of short 
straight runs of pipe. 

For the single plate of unit A, without air, the 
ratios indicate greater variability of residence times 
(both fast and slow particles) than for the holding 
tube, particularly at the lower flow rates. In the 
presence of air pockets in the flow channels, ratios 
based on volume times are misleading because the 
flowing liquid did not fill the flow channels. 

The limited data for slowest particle times meas 
ured by observing persistence of dye in the flow chan 
nels demonstrate that this method was much more 
sensitive than either the conductivity or motion- 
picture methods as a measure of slowest particle times. 

For the complete heating sections of units A and 
B, there is poor agreement between the median ratios 
and the volume time ratios at the lower flow rates. 
The presence of entrapped air, expected in these units 
at the lower flow rates, would account for these dis- 
erepancies by giving erroneous volume time values. 

Comparison of ratios of fastest particle times to 
median times shows that residence times are more 
variable in units A and B than in the holding tube or 
unit C. 

As noted, the fastest and slowest particles were 
arbitrarily defined in relation to the method used to 
detect them. The dye-spot data illustrate the limita- 
tions of the conductivity and motion-picture methods 
in detecting low concentrations of slow particles. 
Likewise, the difference between the single plate and 
the complete heating section of unit A in the ratio of 
the fastest particle to median residence times suggests 
a similar limitation in detecting the fastest particles. 
Thus, the ratio of fastest-particle residence time to 
median residence time could give unwarranted econfi- 
dence in the safety of a process: The minimum heat 
treatment of a particle might be appreciably less than 
that caleulated from this ratio. 

The results contribute to understanding of the 
value and limitations of such criteria as *‘ efficiency,”’ 
‘*Gutegrad,’’ and residence-time ratios in evaluating 
heating and holding equipment. Since such criteria 
are limited by the sensitivity of the detecting device 
used, they are arbitrary, empirical measures. They 
are helpful in indicating uniformity of residence 
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times, especially if the same equipment and pro- 
cedure are used for their measurement. In relation to 
pasteurization or sterilization processes, however, they 
should be used with caution in predicting minimum 
heat treatment of individual product particles. 
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Fig. 1. Caleulated rate of heating in selected flow channels 
in unit A (heating water, —180°F). a, fastest particles in side 
channel, no air; a’, fastest particles in side channel, with air; 
b, fastest particles in center, no air; b’, fastest particles in 
center, with air; ¢, slowest particles in center, no air; ec’, slowest 
particles in center, with air. 


Variation in heat treatment of individual product 
particles. Velocity profiles determined by the motion- 
picture method (Watson et al., 1960) were used to 
ealeulate the time required for particles to reach 
selected points at which temperatures were measured 
by thermocouples. Fig. 1 plots representative data 
for flow rates of 1000 and 2500 lb per hour with heat- 
ing-water temperature of 180°F. To caleulate pos- 
sible extremes of heat treatment, it was assumed that 
some particles could travel in the rapidly flowing side 
channel or with the slowest particles in all four plate 
passes. On this basis, the calculated residence times 
at 1000 lb per hour varied from 7.2 see for the fastest 
particles in the side channels with air pockets in the 
two down passes to 36 see for the slowest particles 
through the center. At 2500 lb per hour, residence 
times ranged from 5.2 sec in the side channels (with- 
out air) to 15.6 see for the slowest particles. 

The intensity of the corresponding heat treatments 
was evaluated as described by Ball (1943) and Bur- 
ton (1951). For comparison of the heat treatments 
with that required for pasteurization, the time- 
temperature relationship used was that given by a 
straight line drawn through aud extrapolated beyond 
the pasteurization standards 145°F for 30 min end 
161°F for 15 see, plotted with temperature on an 
arithmetic scale and time on a logarithmic scale. The 
validity of this extrapolation has been questioned 
(Collins et al., 1956), but it is the best available be- 
eause legal standards have not been established for 
minimum time-temperature pasteurization treatments 
at higher temperatures. 

Table 2 summarizes the results of the calculated 
intensities of heat treatments as compared with that 
for a minimum pasteurization treatment. At 1000 Ib 
per hour, the minimum possible treatment for the 
fastest particles in the side channel was less than half 
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that of the fastest particles in the main flow channel, 
and less than one-quarter that of the slowest particles. 
At 2500 lb per hour, differences were not as great ( re- 
spectively about two-thirds and one-third). 

The presence of air pockets (flow rate 1000 lb per 
hour) reduced the calculated heat treatment of both 
the fastest and slowest particles by about 40%. These 
calculated treatments were for fluid in the flowing 
streams. For food products that foam, some fluid 
would be present in the air pockets as foam. This 
fluid would be expected to have longer residence times, 
and hence more intense heat treatments, than that in 
the flowing streams. 

To estimate the probability of inadequate heat 
treatment for some product particles, it was assumed 
that the side channel carried 5% of the total flow, 
that there was complete mixing at each crossover, and 
that there was no intermixing of side and center chan- 
nels during flow through the plates. Under these 
fictitious conditions, only 0.0006% of the product 
would pass through the exchanger in the fastest chan- 
nel in all four passes. Even this small percentage 
would be of concern if, in sterilization or no-hold 
pasteurization processes, it resulted in survival of 
some pathogens, spoilage organisms, or enzymes. 
Most of the difference between the side and center 
channels, however, was attributable to the last pass in 
which the product was at higher temperatures. If a 
center-channel particle flowed in the side channel for 
the last pass only, the intensity of the total heat treat- 
ment would have been reduced by about 25%. 

Murdock et al. (1955) observed bacterial contami- 
nation of concentrated orange juice from the re- 
generative section of a plate heat exchanger. Results 
presented above, and also by Hansen ef al. (1953), 
provide a probable explanation for build-up of ther- 
mophilie bacteria in a plate heater. Accumulation of 
foam in air pockets could result in long residence 
times for some product particles. Such pockets in 
flow channels maintained at a temperature that favors 
thermophilic growth would permit build-up of high 
bacterial populations and continuous contamination 
of product in adjacent streams. An approach to con- 
trol of the contamination, in addition to those sug- 
gested by Murdock ef al. (1955), would be to increase 
product flow rate enough to avoid accumulation of air 
(foam) in downflow passes. If the increased flow 
rate caused too much decrease in the heat-transfer 
capacity of the equipment, the plate arrangement 


Table 2. Comparison of possible extremes of heat treatment 
of individual particles during passage through heating section 
of unit A. 


Treatment ratio* 
Flow rate Flow rate 


Flow condition (1000 lb/hr”) (2500 Ib/hr*) 


Fastest particle in side channel 26.8 5.17 
Fastest particle through center, no air 55.7 8.02 
Fastest particle through center, with air 32.7 

Slowest particle, no air 119.0 16.05 


Slowest particle, with air 69.8 

® Ratio of calculated treatment of particle to minimum pasteurization 
treatment. 

> Maximum temperature 178.8°F. 

© Maximum temperature 175.6°F. 
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could be changed by reducing the number of channels 
in the downflow passes without changing the upflow 
passes. Under some conditions this modification 
would eliminate air entrapment with little change in 
pressure drop or heat-transfer effectiveness. 

In many HTST pasteurizers used for milk, con- 
ditions in the raw-milk side of the regenerative section 
are frequently conducive to air-pocket formation. A 
common public health requirement is that this section 
of the exchanger be operated under negative pressure. 
To minimize difficulties with vapor lock in the timing 
pump, a low pressure drop in the regenerative section 
is necessary, and is sometimes achieved by dividing 
the flow among more plates than are used in other 
sections of the exchanger. The resulting low flow 
rate favors air entrapment in downflow passes. 

Several observations from this study warrant spe- 
cial emphasis: 

1) Measured variations in heat treatment of indi- 
vidual particles in a heat exchanger depend to a large 
extent on the sensitivity of the method used for de- 
tecting the fastest and slowest particles. 

2) Heat treatment applied to individual particles 
of product passing through plate heat exchangers 
may vary appreciably. Two methods readily showed 
threefold variations, but much greater variation was 
indicated in a small proportion of the fluid by dye- 
spot data. 

3) The terms fastest and slowest as used in studies 
in this field are arbitrary, and may give the processor 
or public health official a false sense of security, par- 
ticularly in relation to heat treatment of the fastest 
particles. 

4) Zones of low velocity (including air pockets) 
may contribute to several undesirable conditions, de- 
pending on the product and the processing conditions, 
such as fouling of the heat-transfer surface, build-up 
of thermophilic organisms, and increase in eooked, 
scorched or other off flavors. 

5) Greater attention should be given to avoiding 


air pockets in down-flow passes and in crossovers of 
plate heat exchangers. Factors to be considered in- 
clude design of the plate, area of crossover ports, 
arrangement of plates in the exchanger, fluid flow 
rates, and probably the physical properties of the 
fluid. 
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Cloud Loss in Bottled Carbonated Orange 
Beverages Induced by a Soluble Solids 
Concentration Gradient 


(Manuscript received January |9, 196! 


SUMMARY 

Bottled cloudy-type beverages containing citrus juice 
sometimes separate into well defined layers of differing 
cloud density in a form of cloud loss distinct from en- 
zymatic or nonenzymatic flocculation. A direct cause was 
found to be incomplete mixing of the bottling sirup and 
carbonated water. Successive layers are shown to differ in 
soluble solids concentration, but the magnitude of this 
difference is relatively much less than the difference in 
cloud density. It was demonstrated that a soluble solids 
gradient causes otherwise-stable cloud particles to gravi- 
tate toward the more concentrated strata. A possible mech- 
anism is suggested. 


Mos REPORTED WORK on the sta- 
bility of suspended cloud in citrus juices is concerned 
with the effect of pectic enzymes. Cloud stability 
problems can exist, however, in citrus beverages con- 
taining juices adequately heat-treated to inactivate 
enzymes (Stevens, 1940; Stevens and Pritchett, 
1952). In such cases it is possible to confirm the effee- 
tiveness of the heat treatment by testing for residual 
enzyme activity (Stevens, 1941). 

The products most likely to be affected by non- 
eyzymatic cloud loss are cloudy-type carbonated 
beverages and bottled lemon juice. Since these are 
usually packaged in clear-glass bottles, any variations 
in cloud density are readily apparent. 

Cloud in citrus juices is made up of finely divided 
pulp particles, natural pigment particles, and, if 
flavoring oils have been added, oil emulsion droplets. 
The last two types of cloud particles are small enough 
to be subject to Brownian movement, which helps to 
keep them in suspension. Pulp particles generally 
have a tendency to settle, the rate depending on par- 
ticle size, convection currents, and other factors not 
completely understood. At times, pulp particles tend 
to agglomerate, then settle out rapidly, carrying down 
the other components of the cloud. A remedy for one 
type of settling of this nature was the subject of 
patents by Stevens and Pritchett (1952, 1956). Non- 
enzymatic cloud loss, however, is not always typified 
by rapid general clearing throughout the beverage. 
With essentially pure bottled lemon juice, it is some- 
times observed that only a portion of the bottle be- 
comes clear. It may be hypothesized that the natural 
pectin in the juice forms a loose gel, which by a syn- 
eresis-like process squeezes out a clear liquid. Such 
cloud loss is typified by a cone-shaped structure of 
cloud particles within the bottle, similar in shape to 
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the neck of the bottle. The intact cone can be moved 
about by gentle agitation of the bottle, but more 
severe agitation redisperses the cloud. 

Beverages containing about 5% juice, in which the 
possibility of gel formation is remote because of dilu- 
tion, may also exhibit a layering effect. Still air and 
constant temperature, which eliminate convection cur- 
rents, favor this type of cloud separation. In some 
instances sedimentation, combined with the effect of 
viewing a thinner layer of beverage in the narrow 
neck of the bottle, gives a false impression of a layer- 
ing effect. 

In other cases, however, an actual separation into 
well-defined layers does occur. Beverages showing 
this effect are usually prepared by first placing a 
flavored sirup in bottles, then filling the bottles with 
carbonated water, followed by capping and a mixing 
procedure. Incomplete mixing of the contents of the 
bottles could thus be a contributory factor. However, 
the bottles are often observed as initially having uni- 
form cloud distribution; the separation into layers 
oceurs only after three to five days. More than two 
layers may appear. Thorough agitation redisperses 
the cloud, and separation does not reeur on further 
standing. 

This last type of cloud loss has been given the name 
‘*neck cloud loss’? (NCL), referring to the neck of 
the bottles. Work on the cause of NCL is reported 
here, 


PROCEDURE 
Carbonated bottled beverages. Pasteurized orange juice, 


concentrated to 65° Brix, was compounded into a typical bever 
age base, containing (besides the orange juice) citric acid, salt, 
sodium benzoate, sodium citrate, water, and a flavoring-oil 
emulsion. The emulsion, prepared separately, contained orange 
oil, lemon oil, brominated vegetable oil, a gum emulsifier, and 
water. 

For use, 50 ml (62.2 g) of the above base were mixed with 
850 ml (1089.0 g) of 32° Be sugar sirup, and 42.3 ml of the 
resulting sirup was placed in each clear 8-oz carbonated-bever 
age bottle. The bottles containing the sirup were chilled to 
about 35°F, and then filled with cold carbonated water. The 
water was flowed gently down the sides of the bottles to avoid 
foaming and mixing of the water and sirup. It was necessary 
to minimize mixing during filling so that later, after the bot- 
tles were crown-capped, a controlled degree of mixing could be 
obtained by gently inverting each bottle the desired number of 
times. 

Normal composition of the beverage is 12.8% soluble solids, 
0.130% citric acid and 0.02% sodium benzoate. 

Noncarbonated bottled beverages. The base described above 
was prepared in the same way except that sufficient sodium 
benzoate was added to the sirup to increase the s:mount in the 
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No, But He Knows What He Likes! Truffles? He never heard of them. Sauce Béarnaise? He couldn't care less. But when 
it comes to good, plain ‘groceries’ and sparkling pop, he’s an expert. His criterion? Taste! With flavor by Felton, that taste 
makes him ask for seconds”. Custom-designed, every Felton flavor is painstakingly formulated to integrate with your product 
and add palate sparkle. Flavored by Felton, your foods keep their fresh savoriness from their first day on the shelf, till the last 
delicious mouthful has been eaten. If you’re dreaming up a new product, or dissatisfied with the taste of an old one, send for 
the man from Felton. You'll like what he can do for you! Felton Chemical Company, Inc.,599 Johnson Avenue, Brooklyn 37, N.Y. 
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INSTANT 


FOR READY-MIXED SPECIALTIES 


You name it! Cocktail dips, meat sauces, chiffons, 
chocolate milk drinks, fruit toppings—any dehydrated 
mix from soup to dessert can be thickened and stabil- 
ized with Instant Starches from National. 


These new pre-gelatinized starches eliminate cook- 
ing, prolonged stirring, cooling. Housewife or chef, 
you simply add liquid to ready mixed specialties and 
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3641 So. Washtenaw Avenue, Chicago 32 * 


stir. Another outstanding convenience in modern day 
specialty foods. 

Instant Starches from National give every effect from 
glossy, crystal clear toppings to creamy homogene- 
ous sauces. They even act as a freshener for cakes 
baked from mixes. We'd be glad to make recom- 
mendations. Just contact your nearest National office. 


STARCHES 


NATIONAL STARCH and CHEMICAL CORPORATION 
735 Battery Street, San Francisco 11 
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beverage to 0.05%. Extra citric acid was also added to main- 
tain the normal pH existing before the sodium benzoate addi- 
tion. Vaeuum-deaerated chilled water was used to fill the bot- 
tles in the same manner as for the carbonated samples. 

Noncarbonated beverages in test tubes. In addition to the 
beverage base already described, two simulated bases were pre- 
pared, one with no flavoring oils and one with no juice. In the 
first case water was substituted for the emulsion, and in the 
second sugar, citric acid, sodium citrate, and water were substi- 
tuted for the orange juice. These three bases were made di- 
rectly into beverages by mixing with dry sugar and water. 
Additional sodium benzoate was ineluded to give a total of 
0.15% in the beverages, and sufficient citrie acid was added 
to maintain the normal pH. 

Two beverages were made from equal amounts of each base, 
one containing 11.0% soluble solids and the other 13.0% 
soluble solids. The beverages were placed in 22 X 200-mm test 
tubes, which were closed with rubber stoppers. 

Storage of samples. Beverages were stored for observation 
in a room held at 28°C. Temperature fluctuation was very 
slight, but there was some air movement whenever the forced- 
air heater was operating. 

Analytical methods. Bottled samples were observed in a 
darkened room by means of a light direeted up through the 
bottom of the bottle. The light was focused with lenses so 
that no convection currents would be created in the beverage 
by heat transfer from the light bulb. Regions of more dense 
cloud diffused the light to a greater extent and appeared 
brighter than regions of less dense cloud. Fairly small differ- 
ences in eloud density could thus be perceived. Two degrees 
of cloud loss were recognized: complete clearing in which the 
region observed contained virtually no cloud, and partial clear- 
ing for any cloudy region that appeared as a distinct layer 
having less cloud than the layer immediately below. 

Because of the light-diffusing effect of the curved bottom of 
the test tubes, visual observations could not be accurate. In- 
stead, two 10-ml samples were carefully withdrawn by pipette, 
one from about 1 in. below the surface of the liquid, the other 
from 1 in. above the bottom of the tube, and the relative cloud 
density of these samples was read on a Klett-Summerson Photo- 
electric Colorimeter, zeroed on water, using a No. 66, red filter. 

Brix. Samples were withdrawn from visible layers in bottled 
beverages by pipette. Readings with a Zeiss refractometer were 
made on these samples and on samples removed from the test 
tubes. Two to three readings were made on each sample, and 
the average reading, corrected to 26°C is reported. These 
values are used as a measure of soluble solids concentration. 


RESULTS 


Effect of mixing. Agitation of the bottles after NCL has 
appeared redisperses the cloud and the NCL does not recur, 
suggesting that the extent of mixing after bottling may be an 
influential factor. To determine if that is so, an experiment 
was prepared comprising four groups of 8 bottles each. After 
capping, the first group was given two inversions, the second 
group four inversions, the third group six inversions, and the 
last group eight inversions. After mixing, all bottles appeared 
to have uniform cloud density. 

Table 1 gives the number of bottles in each group showing 
complete, partial, or no NCL after 14 days. It is evident that 
even eight inversions of the bottles does not eliminate NCL 
completely. 


Table 2. Relationship between neck cloud loss and soluble solids distribution in a nonearbonated orange beverage. 


A (5 days) 
Depth Extent 
o 
layer 


Bottle 


Table 1. Effect of amount of mixing on incidence and sever- 
ity of neck cloud loss in a carbonated orange beverage. 
Amount of mixing— 


number of times each Total Complete Partial No 
bottle inverted bottles clearing clearing clearing 


Bottles stored 3 days 
at 28°C 
two 
four 
six 
eight 
Bottles stored 14 days 
at 28°C 
two 
four 


Relation of soluble solids distribution to NCL. Although 
incomplete mixing is apparently a cause of NCL, it is unlikely 
that after several inversions of a bottle there should be such 
an uneven distribution of the sirup that the regions having 
almost no cloud should also be nearly free of soluble solids. To 
determine the relation, if any, between soluble solids distribu- 
tion and NCL, a series of five bottles of beverage was pre- 
pared and each bottle given two inversions. Still or plain 
water, rather than carbonated water, was used so that the 
bottles could be opened for sampling without the mixing that 
results from carbon dioxide evolution. Visual examinations 
were made, and bottles were opened for withdrawal of samples 
at intervals up to 16 days. Table 2 shows the depth of layers, 
degree of cloud loss, and ° Brix of each layer. 

Definite differences in soluble solids concentration are as- 
sociated with each layer. However, there is no direct quanti- 
tative relationship between differences in soluble solids eon- 
centration and degree of NCL. For example, the greatest 
difference observed within a bottle, that of 1° Brix for sample 
C, is of far less relative magnitude than the difference in cloud 
density between the corresponding layers. This suggests that 
more than incomplete mixing is involved in NCL. 

The degree of difference in soluble solids coneentration be- 
tween layers does not appear to change with time, indicating 
that diffusion and convection contribute very little to soluble 
solids equalization. 

Effect of a soluble solids gradient. It can be reasoned that 
the layers of differing soluble solids concentration within the 
bottles are established fairly soon after mixing. Probably, 
volumes of liquid more coneentrated than the solution surround- 
ing them settle rapidly until they arrive at a region matching 
their own specific gravity. If this were a lengthy process, mix- 
ing would tend to be complete. NCL, however, does not usually 
appear for at least two days, and sometimes requires as long 
as five days. Also, regions of partial clearing may eventually 
beeome completely clear, indicating a continuing process. A 
possible explanation is that the soluble solids gradient in itself 
destabilizes the cloud particles, causing them to settle. 

To test this hypothesis, an 11° Brix beverage was layered in 
test tubes on top of an equal volume of a 13° Brix beverage. 
For control purposes both beverages were also placed in test 
tubes individually. Beverages from the two simulated bases, 
one made with no juice and the other with no flavoring oil, were 
similarly prepared. Table 3 shows observations of cloud density 


E (16 days) 


D (11 days) 


Depth Extent Extent 
of 
layer NCL 


partial 2. complete 
none 3. partial 
none 


(in.) 
2% complete 12.6 2 complete 
: partial 
none 


é 
i 

4 8 7 1 0 
6 7 1 
1 3 4 
8 2 1 5 
6 0 2 a 
1 5 2 
six 0 3 5 
eight . 0 3 5 a 
a 
B (7 days) C (9 days) 
Extent Depth Extent _ 
of of of 
NCL ° Brix layer NCL ° Brix ° Brix , 
(in.) (in.) in.) r 
1% complete 12.2 5 12.3 12.6 a 
2% partial 12.3 6 12.7 12.7 
4 partial 12.6 13.3 13.0 i. 
6 none 12.8 By 
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Table 3. Showing the soluble solids gradient-induced migra- 
tion of beverage cloud particles to the region of highest solu- 
ble solids concentration. 


Sample from 


Sample from 
bottom of tube 


top of tube 


Cloud : Observed Cloud 


Observed 
Beverage placed in tube Brix density ° Brix density 
Complete * 
11° Brix 11.0 71 11.0 72 
13° Brix 13.0 74 13.0 74 
11° Brix over 13° Brix 11.0 47 13.0 95 
Without flavoring oil” 
11° Brix 10.8 36 10.9 36 
13° Brix 13.0 36 13.0 36 
11° Brix over 13° Brix 10.9 26 12.8 40 
Without orange juice” 
11° Brix 10.9 30 10.9 32 
13° Brix 13.0 ‘1 13.0 32 
11° Brix over 13° Brix 11.0 24 12.9 41 


*Tabulated data are average values for four tubes after 8 days at 
2a°C 
> Tabulated data are average values for two tubes after 9 days at 


and ° Brix of the complete beverages after 8 days, and of the 
simulated beverages after 9 days. 

All three beverages, regardless of soluble solids content, were 
stable by themselves during observation. It is apparent, how- 
ever, that a soluble solids gradient induces a definite migration 
of cloud particles from the regions of lower soluble solids con- 
tent to the regions of higher soluble solids concentration. Both 
the cloud derived from juice and that derived from the flavor- 
ing oil emulsion are affected. This is not a flocculation phe- 
nomenon, since the cloud transferred to the lower phase is 
stable there. 


DISCUSSION 


Nothing in the data suggests why a soluble solids 
concentration gradient should cause a migration of 
cloud particles. Simple sedimentation is not an ade- 
quate explanation since the beverages of uniform 
soluble solids concentration in Table 3 showed no 
tendency to decrease in cloud density at the top or 
inerease in cloud density at the bottom of the tubes. 
Unfortunately, the complex system comprising the 
cloud in orange-juice-containing beverages does not 
lend itself to study of the factors that may affect the 
stability of each of the various types of particles 
present. 

Two recent publications, however, may offer some 
explanation for the behavior demonstrated. Sterling 
and Chichester (1960), studying adsorption of glu- 
cose by cooked peach tissue, concluded that the cell 
walls of such tissue attract glucose. As a result, a 
gradient of decreasing concentration toward the cen- 
ter of the cell is established through the movement of 
glucose molecules toward the cell wall. To apply this 
finding to NCL, it is necessary to assume that sucrose 
is attracted to orange cell walls in the same manner as 


glucose is attracted to peach tissue. Then, in contrast 
to the situation in intact peach tissue, the cell wall 
fragments in orange beverages are relatively free to 
move and the sugar concentration gradient is ap- 
parently fixed, as indicated by the persistence of solu- 
ble solids gradients even after 16 days (Table 2). It 
follows that a small mobile pulp particle in such a 
concentration gradient would be attracted toward the 
greater concentration. 

Supplementing this reasoning is the finding by 
Nicholas et al. (1960) that convection currents are 
confined within layers in a system composed of layers 
of less concentrated solutions on top of layers of simi- 
lar, but more concentrated, solutions. Thus, in a 
beverage, convection would tend to maintain a uni- 
form distribution of cloud particles within each layer 
of uniform soluble solids concentration. Particles 
coming in the vicinity of a soluble solids gradient at 
the lower boundary of a layer, however, would tend 
to migrate toward the higher soluble solids concen- 
tration. This migration would be infivenced both by 
the attraction of the more concentrated solution for 
the cloud particles and by sedimentation. The greater 
effective specific gravity of particles in equilibrium 
with the more concentrated solution would reduce any 
tendency for migration to the less concentrated re- 
gion. The net result is transfer of cloud to the more 
concentrated region. In the case of multiple layers, 
each successive layer from the top down would become 
clear as gain from the layer immediately above failed 
to compensate for loss to the layer immediately below. 

An explanation is thus offered for the manner in 
which incomplete mixing causes NCL. The observa- 
tions attach new significance to thorough mixing in 
the practice of bottling cloudy beverages. 
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Studies in Canning Processes. IV. 


Lag Factors and Slopes of Tangents to Heat Penetration Curves for 


Canned Foods Heating by Conduction 


Manuscript received August 10 198) 


SUMMARY 

The lag factor j and slope f of the asymptote to heat 
penetration curves are important parameters in process 
calculations. Since in practice the asymptote is not known 
these parameters are obtained from a tangent drawn to 
the heating curve. The values of these parameters for the 
tangent may differ appreciably from those of the asymp- 
tote, the difference depending on the ratio of can height 
to can diameter and the position on the heating curve at 
which the tangent is drawn. Curves are given showing these 


effects. 


Hor PENETRATION data on canned 
foods are generally displayed graphically by plotting 
a dimensionless temperature on a logarithmic scale 
against time on a linear scale; the dimensionless tem- 
perature normally used is the ratio of the tempera- 
ture difference between the retort and the can center 
at any time to the value of this temperature difference 
at the beginning of the process. Theoretically, for 
conduction heating of products, the resulting heat- 
ing curves approach a straight-line asymptote. The 
lag factor j and the slope* f of the asymptote are 
important parameters in the caleulation of canning 
processes (Ball and Olson, 1957). 

In practice the length of heating curve that can be 
used to evaluate j and f is frequently limited. When 
the retort temperature is high, the process time re- 
quired for sterilizing the pack is often short. But 
even when processing is continued until the center 
temperature is nearly equal to the retort temperature, 
the nature of the logarithmic plot of the heating 
curve means that even small errors in temperature 
measurements cause the later points to be widely scat- 
tered, making the curve ill-defined in that region. 
Variation in the retort temperature, due to drift in 
the controller or a fluctuating steam supply, increases 
this inaccuracy and sometimes results in a pronounced 
alteration in the slope of the curve near the end of 
the heating phase. 

Since the exact position of the asymptote to the 
heating curve is not known, a tangent is drawn to the 
experimental curve and the parameters j and f of 
this tangent are used in calculating the lethal value 
of the process. This tangent is drawn at some point 
after the curve first appears to become linear but be- 
fore the irregular section near the end of the process. 


*f is not strictly the slope of the curve, but it is customary 
to call it that. 
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The values of the parameters for the tangent some- 
times differ markedly from those for the asymptote. 
It is not possible to estimate these differences for 
every practical case, because the processing conditions 
are often quite complex. It is possible, however, to 
estimate them for a somewhat simplified case, which 
nevertheless is reasonably close to most practical con- 
ditions. The simplifications assumed are: 


1) the retort 
instantaneously, 


reaches its operating temperature 


2) the temperature in the can is uniform at the 
beginning of the process, 

3) the product heats purely by conduction, 

4) the thermal properties of the product do not 
vary with the temperature 

5) the headspace offers no resistance to heat trans- 
fer, and 

6) the heat transfer coefficient from the heating 
medium to the outside surfaces of the can is infinite. 


The effects of taking tangents to heating curves 
seem to have been investigated first by Olson and 
Jackson (1942). They made the simplifying assump- 
tions about the that are listed above, and 
quoted the exact solution for the temperature distri- 
bution in the can. From this they derived an approxi- 
mate formula for the j value of a tangent, and gave 
curves of j values calculated from this approximate 
formula; they did not consider the effect on f. 


process 


Because the accuracy of their curves is open to 
question and because these were recently reproduced 
in a standard work on canning processes by Ball and 
Olson (1957), it was thought appropriate that more 
accurate data be made available. 

The exact formulae used in the present calculations 
are given in the appendix. Following Olson and Jack- 
son (1942), the effects of taking tangents are ex- 
pressed in terms of two parameters: p, which takes 
into account the position on the heating curve at 
which the tangent is drawn; and q, which takes into 
account the shape of the can. These are defined as: 

p = number of log cycles from the beginning of the 
process to a point on the asymptote having the same 
abscissa as the point on the heating curve at which 
the tangent is drawn, and 

q = (1#/a?), in which 2L is the height of the can 
and 2a the diameter. 

Fig. 1 shows the results obtained for the lag factor 
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Pig. 1. The lag factor j as a function of q, with p as pa- 
rameter. --, formula given by Olson and Jackson (1942). 
——-, present results. 


j, together with those given by the earlier authors. 
Only three values of the parameter p are given for 
comparison, since the results are believed to be of 
more practical use when displayed in a slightly dif- 
ferent way. The curves given by Olson and Jackson 
are seen to be of the right general shape but consider- 
ably overestimate the effects of taking tangents in 
place of asymptotes. 

The parameter p is clearly defined in terms of the 
asymptote; although this is convenient mathemati- 
cally it is not so useful in practice, since, after a ther- 
mal process, the heating curve is known but the true 
position of the asymptote is not. The effects on j are 
therefore expressed more fully in Fig 2, in which the 
parameter p is replaced by p’, defined as: 

p’ = number of log cycles from the beginning of the 
process to the point on the heating curve where the 
tangent is drawn. 


It is clearly not necessary to know the position of 
the asymptote to know p’. 


In this figure the interval in p’ is small enough for 
rapid interpolation when necessary. The smallest 
value of p’ chosen is 0.6 since it would rarely have a 
value smaller than this in practice. It is interesting 
to note that the maximum value of j does not oceur at 
q = 1.0, but near q = 0.8. 

The value of the slope f of the tangent will also be 
different from that of the asymptote. The present 
calculations have been extended to include the effect 
on f, and the results are displayed in Fig. 3. The 
quantity Af is defined as: 

Af = the difference between the f values of the tan- 
gent and the asymptote expressed as a percentage of 
the f value of the asymptote. 


a 


16 
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Fig. 2. The lag factor j as a function of q, with 
parameter. 


In Fig. 3 the abscissa q and the parameter p’ are 
the same as in Fig. 2. 

The effects on f of taking tangents instead of 
asymptotes are seen to be similar to those on j; when 
expressed as a percentage, however, f is affected 
much less than is j. 

It is important to note finally that experimental 
values of j and f can be affected as much by de- 
partures from the simplifying assumptions listed 
earlier as by the use of tangents in place of asymp- 
totes. For example, the thermal resistance of the 
headspace could decrease the value of j by up to 10%, 
depending on the size and shape of the can, while the 
increase in thermal diffusivity with temperature in- 
creases the value of j. Some of these other factors 
were discussed more fully in the second paper in the 
present series (Evans, 1958). 


3. Af as a function of q, with p’ as parameter. 
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in solids.’’ 


APPENDIX 


Mathematical procedures 

When the simple processing conditions given in the text are 
satisfied, using a formula given by Carslaw and Jaeger (1959, 
p. 225), the temperature at any point in the can may be ex- 


pressed in the following dimensionless form: 


T-T 1)' rx 

= -2 2x cos (2n + 1 

To = m=! (2n + 2L 

Jo (am T/8&) { (2n + 1)? r? i] 
exp Kt 3 | 

Ji (Om tL a’ 


in which: 


= = temperature at time t of the point in the can speci- 
fied by the coordinates x and r, 

Ti = retort temperature, 

To = initial temperature of the product, 

x = distance of the point whose temperature is being 
specified from the plane drawn through the center 
of the can and parallel to Its ends, 

r = distance of the point being specified from the central 
axis of the can, 

2L = height of can, 

2a = diameter of can, 

K = thermal diffusivity of the product, 

Qm = roots of Jo (a) = 

Jo. J: = Bessel functions of the first kind (Carslaw and Jaeger, 


1959, Appendix III , and 
n.m_ take integral values and specify the term in the series. 


At the center of the can, where x =r = 0, equation 1 simplifies 
since the cosine term and the Bessel function occurring in the 
numerator are both unity. If we abbreviate by riting: 


A.m = 


and 
\(2n + 1 am 
3 


then for the center temperature, T., equation 1 takes the form 


It should be noted that a double series such as that given in 
equation 1 can be evaluated numerically either as a product of 
two individual series or as a single series whose terms are in the 
form of products. The latter method was used in the present 
work, and equation 4 is written in this way, the two summation 
signs being retained since summation st ll takes place over both 


n and m. 

Heat penetration curves are usually plotted with a logarithmic 
scale on the temperature axis. The asymptote to this curve is 
the straight line represented by the first term in equation 4, 
namely, when n = 0 and m = 1. A point on this asymptote p 
log cycles from the beginning of the process will occur at a time 
that we denote by tp. 

The equation to the tangent at a point on the heating curve 
with the same abscissa tp can be obtained from equation 4. Its 
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slope is obtained by taking logarithms of equation 4 and differ- 
entiating with respect to t and its intercept on the temperature 


axis is log jp, in which jp 1s the lag factor appropriate to this 
tangent. Rearranging this equation gives for log jp the expression: 


log jp = log Ram Kt, + 


n-0m i { 


t K A, m Ba m Ba.m Ktp) 
n=0 m=! 
2.3035 exp (— Bam Kt, 


n=0 


in which the numerical factor 2.303 serves to convert from natural 
to eommon logarithms. 

For the asymptote only one term In each of the series in equa- 
tion 5 is retained, and the equation 1s. 


K Bo, 
logis = — +- ty, - 
P 2.303 
in which: 

ja = lag factor of the asymptote which has the value 2.0397, 


and 
B is the first of the functions B,.m defined in equation 3. 


The negative sign preceding Pp arises from the fact that 
(T. — T:)/(To — Ti) in equation 1 is less than unity. 


From equation 6, tp can be written as: 


2.303 5 
tp = KB ) log ja + PK i 
which, when substituted into equation 5, gives 
log jp = log (= 
in which | 
B, 
= 2-303 (log ja + |9| 
P Bo,1 
in which 
2n+1) 2 : 
B an’) 
q (10) 


Bo 


and a has the value 2.4048. 


Examination of equation 8, together with equations 9 and 10, 
shows that log jp is 4 function of the two parameters p and q 
only. Calculations of jp for various values of p and q were made 
using equation 8. 

To express the results in terms of p’ instead of p is straight- 
forward since the first quantity on the right hand side of equa- 
tion 8 is p’. 

The respective “slopes” of the tangent and the asymptote can 
be obtained from equations 5 and 6. From these the quantity 
Af, defined in the text, is expressed in terms of the parameters 


p and q as: 


where Ay.m is defined in equation 2. Bam in equation 10, and 
in equation 9. 
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A Technical Note 


Effectiveness of Ascorbic Acid in Preventing the Darkening 


of Oil-blanched French-fried Potatoes ° 


Souz POTATOES turn dark or de- 
velop dark spots after they are cooked. This has 
become a problem with oil-blanched French-fried 
potatoes (Hawkins et al., 1959), an important product 
developed in the last few years. In susceptible pota- 
toes the reaction can be prevented by treatment with 
certain chemical compounds (Hawkins ef al., 1959; 
Smith, 1958; Smith and Kelly, 1944, 1945). The use 
of these compounds on a commercial scale, however, 
might create disposal problems and possible toxicity. 
We thought a possible way of avoiding this problem 
might be the use of ascorbic acid. Records (Antle and 
Bohn, 1953; Greig and Smith, 1960; Johnson and 
Guadagni, 1949; Olson and Treadway, 1949) of using 
ascorbic acid for this or similar purposes give insuffi- 
ecient data for comparing its effectiveness with that 
of other compounds, or for assessing its applicability 
to oil-blanched French-fried potatoes. 

We found that ascorbie acid will keep susceptible 
potatoes from darkening when they are cooked by 
boiling or put through the oil-blanched French-fried 
process. This latter was carried out as previously de- 
scribed (Hawkins et al., 1959), with the ascorbie acid 
applied during the blanching in water before partial 
cooking in oil. 

In one lot of potatoes the minimum effective con- 
centration of ascorbic acid was 0.5% for boiling, and 
1% for preliminary blanching of the lightly fried 
product. 

A second lot of potatoes did not develop the dark 
color so readily, but if the lightly fried product was 
blanched for 3 min during preparation, the degree of 
darkening in the finished product was about the same 
as with the first lot after the regular blanching period 
of 5 min. Oil-blanched French-fried potatoes were 
prepared from tubers of this lot with a number of 
chemical substances added to the blanching water in 
various concentrations. The results are shown in 
Fig. 1. The concentrations of solutions noted there 
were the lowest that prevented the darkening. 

Ascorbic acid by itself, therefore, is effective in pre- 
venting after-cooking darkening in potatoes, but the 
amount necessary is relatively large. With oil- 
blanched French-fried potatoes, it is comparable in 
this respect to citric acid (Hawkins et al., 1959) and 
sodium acid pyrophosphate. In contrast, some of the 
salts of ethylenediaminetetraacetic acid (EDTA) are 
effective in considerably smaller amounts. It may be 


Fig. 1. The effect of various chemicals on darkening of oil- 
blanched French-fried potatoes. This is the appearance 2 hr 
after completion of the process. Blanching was done in: 1) 
untreated water; 2) 0.3% disodium EDTA; 3) 1% sodium 
acid pyrophosphate; 4) 1% aseorbie acid; 5) 0.5% ealeium 
disodium EDTA. 


expected that the effective amount of any such agent 
will vary according to the concentration of chromo- 
genie materials in the potato and the conditions of 
cooking. 

W. W. Hawkins 

VerRNA G. LEONARD 

Joan E,. ARMSTRONG 


Atlantic Regional Laboratory, 

National Research Couneil, 

Halifax, N. S., Canada 
August 20, 1960. 
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(Continued from page 28 preceding research section ) 


min A, thiamine, and ascorbic acid content of a few 
dried fruits. These data, from the U. S. Department 
of Agriculture’s Home and Garden Bulletin No. 72 
(September 1960), are recalculated in terms of 
amounts per 100 ¢ of dried fruit. 


Amounts per 100 grams of dried fruit 


Vitamin A 
(International Thiamine Ascorbic acid 
Dried fruit units) mg) (mg) 
Apricots 10,926 0.013 12.6 
Peaches 3,900 0.012 17.5 
Prunes 1,340 0.06 3.0 
Raisins 18.7 0.11 1.2 


This table clearly shows that dried fruits are not an 
important source of thiamine but contribute substan- 
tial amounts of vitamin A and ascorbie acid. These 
data assume even greater importance in view of the 
fact that sulfur dioxide treatment of dried fruits pro- 
teets the vitamin A and ascorbic acid but destroys the 
minimal amounts of thiamine. 

2) In evaluating the significance of the data re- 
ported by Fitzhugh, Knudsen, and Nelson as related 
to the human diet, it must be remembered that those 
investigators studied the effects of varying amounts 
of sodium bisulfite in the total diet of the experimental 
animals. The amounts found to be deleterious could 
not possibly be approached in the human diet in 
which SOv-treated dried fruits represent a small part 
of the total diet. Moreover, the addition of sodium bi- 
sulfite to the basal diet of experimental animals per- 
mits little or no loss of SOs. Under the acid conditions 
existing in dried fruit, loss of SOz is appreciable, re- 
sulting in less SOs at time of consumption, especially 
after cooking, than existed at time of application. 
Large quantities of dried fruit can be fed to rats, and 
it would have been more pertinent to the problem at 


hand to have compared the effects of feeding SOz- 
treated and untreated dried fruits. A. F. Morgan and 
A. Field (J. Biol. Chem. 82, 579-586; 1929) demon- 
strated that feeding unsulfured dried peaches to 
guinea pigs resulted in severe scurvy whereas control 
animals on sulfured dried peaches were free of scurvy. 

3) The deteriorative changes occurring naturally 
in unsulfured dried fruit, even in the absence of 
microbial spoilage, not only have unfavorable effects 
on flavor and texture but may be potentially toxic. 
For example, the well-known Maillard reaction, re- 
sponsible for the browning discoloration, involves 
combination of reducing sugars with the amino 
groups of amino acids, peptides, and proteins. It is 
not known whether these primary amine compounds 
are toxic. However, it has recently been shown that a 
comparable reaction between hexose and a secondary 
amine, such as dimethylamine, produces a compound 
that is toxic in small doses, both acutely and chroni- 
cally. Studies of such compounds have been reported 
by A. M. Ambrose, D. J. Robbins, and F. DeEds 
(Proc. Soc. Exptl. Biol. Med. 106, 656; 1961) and by 
W. Cutting, A. Furst, D. Read, G. Read, and H. Park- 
man (Proc. Soc. Exptl. Biol. Med. 104, 381; 1960). 

In summary, it can be said that sulfured dried fruit 
is better than unsulfured from a nutritional point of 
view because of preservation of vitamins A and C, 
prevention of deteriorative changes and microbial 
spoilage, and avoidance of Maillard reaction products, 
which may or may not be toxic. Before toxic levels of 
sulfur dioxide can be reached in sulfured dried fruits 
these products would be unacceptable because of the 
disagreeable taste produced by high levels of SOs. 

Finally, it should be emphasized that evidence of 
thiamine deficiency in experimental animals requires 
at least 615 ppm of sulfur dioxide in the whole diet. 
Even if the sulfur dioxide content of dried fruits were 
3,000 ppm the daily human diet would have to con- 
tain about 20% dried fruits to produce thiamine de- 
ficiency. Such a daily diet would not be feasible, 
because of undesirable laxative action. 
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BOOK REVIEWS 


PROTEIN AND AMINO AciIp REQUIREMENTS IN EARLY 
Lire, L. Emmett Holt, Jr., Paul Gyérgyi, Edward L. 
Pratt, Selma E. Snyderman, and William M. Wallace, 
New York University Press, New York, 1960. VII, 
63 pp. Price $1.00. 

The material presented was largely assembled by 
the Committee on Nutrition of the American Pedi- 
atrics Society. The authors are recognized for their 
research accomplishments in the field of protein nu- 
trition, and for their efforts to apply the findings of 
modern nutrition research to food problems encoun- 
tered by the pediatrician in his practice. 

The objective of the book is implied in a quotation 
on a fly leaf: ‘‘There is probably no field of human 


thought in which sentiment and prejudice take the 
place of sound judgment and logical thinking so com- 
pletely as dieteties.’’ The authors seek to establish 
bases for nutritional practice in pediatrics in terms 
of present-day concepts of nutrition and the research 
back of these concepts. Perhaps the best measure of 
their success is the impression left with the reader 
that dietetics has its roots deep in scientific principles. 
The physician will find answers to questions he may 
have in regard to the feeding of his patients, and per- 
sons outside the medical profession—researchers, 
teachers, dietitians, public-health workers, and food 
technologists—will also welcome the views of these 
authors on perplexing problems. 

The various chapters deal with topics usually con- 
sidered in evaluating protein needs of any age group. 
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It is an excellent summary of today’s knowledge of 
protein nutrition and of the problems that baffle and 
intrigue the nutrition research worker. And _ the 
reader cannot but be aware of the many gaps in 
knowledge that exist today. 

The importance the authors attach to understand- 
ing basic nutrition facts is found in their discussion 
of topies like the following: What is the nature of the 
growth phenomenon? What is the significance of 
nitrogen retention? What do we mean by protein 
reserves? Is the term ‘‘labile nitrogen’’ better? What 
is the picture of protein deficiency? What is the 
status of information about the protein requirement ? 
What basic theoretical assumptions underlie evalu- 
ation of the protein requirement? How is the stand- 
ard reference protein used in the study of protein 
requirements ? What is meant by ‘‘ factors of safety’’? 
What are the problems in measuring protein quality ? 
What is the influence of technological procedures 
used in the food industry on the quality of protein 
products? Why is the establishment of amino acid 
requirements of only limited practical significance ? 
What is the meaning of amino acid imbalance? Of 
toxicity of specific amino acid excess? What are the 
long-term effects of high-protein diets? How does 
disease affect the protein metabolism ? 

In view of the findings of research in these various 
areas, the authors emphasize the need for more rather 
than less basic investigation of the characteristies of 
protein metabolism and of individual amino acids. 
But knowledge that will lead to the answer to praec- 
tical questions must also be expanded. For instance, 
the gap in precise information on minimal require- 
ments of proteins and amino acids up to adult life 
must be filled; these requirements must be studied in 
relation to protein-sparing components of the diet 
and to the amino acid patterns; methods for meas- 
uring protein adequacy must be refined ; the optimum 
dietary amino acid pattern for health needs careful 
definition; the desirability of feeding protein above 
ihe minimal level needs careful study; and the rela- 
tive importance of amino acid balance in the diets of 
people should be evaluated. 

The authors show how nutrition research becomes 
entangled in problems of national and international 
importance. Is industry, for example, justified in 
unqualified recommendation of the use of high-protein 
diets? ‘‘Protein content and quality have become 
gimmicks in the food industry.’’ To what extent is 
fortification of food with amino acids justified in 
underdeveloped countries? In well-developed coun- 
tries? What is the responsibility of industry in the 
operation? Can large-scale low-cost production of the 
amino acids needed for use in an underdeveloped 
country be obtained only by exploitation of the idea 
in a well-developed country? As far as the United 
States is concerned, the authors agree with the stand 
taken by the Food and Nutrition Board that food 
additives are justified only when their incorporation 
into the food supply is likely to produce a_public- 
health benefit. There is as yet ‘‘no evidence that spe- 
cific amino acid deficiencies are a problem in the 
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United States.’’ Neither is there any ‘‘evidence of 
any general need for amino acid fortification.”’ 

The authors write further: ‘‘The possible danger 
of amino acid supplementation by the induction of 
an amino acid imbalance does not seem to be a serious 
one in a country like the United States with an abun- 
dant protein supply, for imbalances are readily pro- 
duced only on low protein intakes. The objection to 
amino acid supplementation, apart from the fact that 
the need for it cannot be shown, lies in the fact that 
when promoted industrially it tends to foster food 
faddism and food nuerosis, a problem with which the 
pediatrician is only too familiar.’’ 


PEARL SWANSON 


Lipiwogk Merasouism. By Konrad Bloch. John Wiley 
& Sons, Inc., New York. 1960, XIII, 411 pp. Price 
$10.50. 

This book is a companion volume to Hanahan’s 
Lipide Chemistry, which also appeared in 1960 (soon 
to be reviewed in Foop TecHNoLogy). The almost 
explosively rapid development of research knowledge 
in the field of lipide metabolism is reviewed and 
brought up to about the middle of 1959 by a group 
of authorities. The chapters and authors are: Enzy- 
matic mechanisms of fatty acid oxidation and syn- 
thesis, Green and Wakil; Metabolism of the unsatu- 
rated fatty acids, Mead; Metabolism and function of 
phosphatides, Rossiter and Strickland; Metabolism of 
glycerides, Borgstrém; Lipolytie enzymes, Kates; 
Hormonal regulation of fatty acid metabolism, Lang- 
don; Formation and metabolism of bile acids, Berg- 
strom, Danielsson, and Samuelsson; and Chemistry 
and metabolism of bacterial lipides, Asselineau and 
Lederer. 

The approach is strictly biochemical, with some 
overtones of medicine in the chapter on hormones and 
fat metabolism. Biosynthetic and degradative path- 
ways are spelled out in detail for fatty acids, glycer- 
ides, phospholipides, sterols, and bile acids. Nutri- 
tional aspects of lipide metabolism are not discussed. 
Thus, there is no reference to the vast literature that 
continues to accumulate on the meaningfulness or 
lack thereof of cholesterol or lipoprotein blood levels 
for heart disease. 

Most food technologists will not be able to use this 
excellent compendium in their daily work. Never- 
theless the future of food science compels a continuing 
awareness of the trends of biochemical research. This 
book makes available the information on _ lipide 
metabolism necessary for this purpose. 

The book is pleasingly free of misprints and errors, 
well-printed, and extremely well documented, but the 
index is inadequate. The reader would do better to 
consult the longer and more complete table of con- 
tents in order to locate items of interest to him. 
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FOR SAFE + EFFICIENT - ECONOMICAL HANDLING 
OF LIQUID FOODS AND BEVERAGES 


B44-3 


TUBING 


EASY TO SET UP, CHANGE — Lightweight, 
flexible, easy-to-handle Tygon Tubing, 
Formulation B44-3, requires a minimum of 
couplings and fittings, is readily snaked 
around obstructions to speed set-ups, 
simplify revisions as needs change. (In 
addition, when used in conjunction with a 
rigid system, Tygon will greatly increase 
its versatility. ) 

EASY TO CLEAN AND SANITIZE — Tygon’s 
smooth, dense bore is easily flushed clean, 
will withstand the harshest cleaning and 
Sanitizing agents. ... Its excellent wetting 
properties facilitate complete drainage. ... 
Its clarity provides a quick and easy visual 
check on cleanliness. 


ODORLESS, TASTELESS, NON-TOXIC—Tygon 
will neither impart nor absorb tastes or 
odors, can be safely used with even the most 
sensitive foods and beverages*. . . . And, of 
course, Tygon complies fully with the FDA’s 
Food Additive Amendment. 
LONG SERVICE LIFE — Tough, abrasion- 
resistant Tygon won’t age and harden, has 
———— a flex life 10 to 12 times that of rubber. 
srineremme WIDE RANGE OF SIZES—Tygon is available 
in running lengths in 73 standard sizes, 
from 1/16” I.D. x 1/8” O.D. to 4” LD. x 5” 
846-2, O.D., including 7 sizes braid-reinforced for 
handling liquid foods and beverages, with higher working pressures. See your local 
any other piping medium and you'll see distributor. 
why more and more bottlers and food “For processed milk and milk products, use 
processors are using Tygon. Write today formulation B44-4X. 
for FREE Bulletin T-100R. 


Compare the unique advantages of Tygon 


PLASTICS AND SYNTHETICS DIVISION 


TYGON is a registered trade-mark of The United States Stoneware Company. 
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GAULIN TRIPLEX PUMPS 


Save “Packing” Failure at High Pressures 


Less wear. Even at pressures of 3000 PSI, 2 or 3 Gaulin packing rings 
last many times longer than 7 or 9 rings on other pump designs. Because a 
Gaulin packing acts as a seal not a bearing. 

Quick change. It takes less than 15 minutes to change a Gaulin packing, 
where other makes require up to half a day. 

Set and forget. Gaulin’s exclusive automatic packing adjustment elimi- 
nates human error. Assures uniform packing tension. 

Circulation cleaning. There are far fewer restrictions to circulation 
cleaning in Gaulin’s sanitary stainless steel construction. No crevices to 
trap contaminating bacteria. 

120 different cylinder designs avail- 
able to meet every product problem. 

Capacities from 50 to 7500 GPH... MANTON- 
pressures from 500 to 12,000 PSI. See ee 
your Chemical Engineering Catalog for the Ga 
name of your local Gaulin representative. MANUFACTURING CO.. INC. 

82 Garden Street, Everett 49, Mass. 
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PurRE Foop anp Pure Foop Leaisuation, Edited by 
A. J. Amos, B.Se., Ph.D., F.R.1.C., London, Butter- 
worths, 1960. 

During the early 1800’s F. C. Aceum, a zealous 
young chemist, and later A. H. Hassall, an expert 
microscopist as well as a chemist, persistently applied 
their skills to exposing the scandalous extent to which 
foods were adulterated in the London of their day. 
Though they had no official capacity, they even re- 
vealed the names and addresses of the purveyors of 
these foods, and in this respect were more daring than 
some of the contemporary crusading scientists, who 
preferred anonymity. As a result of Hassall’s dis- 
closures, Wakeley, then editor of The Lancet, ap- 
pointed him to head that medical journal’s Analytical 
and Sanitary Commission, under whose auspices the 
investigations were extended. The interest of the 
sritish Parliament in the published findings led to 
enactment, in 1860, of the first comprehensive pure- 
food law in the English-speaking world, known as 
‘*An Act for Preventing the Adulteration of Articles 
of Food or Drink.’’ To commemorate this event the 
Food Law Centenary was celebrated in London last 
September. In addition to food law-enforcement offi- 
cials from various points of the world, it attracted 
many outstanding leaders in the areas of public 
health, nutrition, and food technology. 

The present volume, ably edited by the chairman of 
the Organizing Committee, is composed of the eight 
papers and the discussions presented during the for- 
mal part of the proceedings. Dr. J. H. Hamenee, then 
President Elect of the Association of Public Analysts, 
opened the conference with a historical account of the 
Act of 1860. 

Speaking in behalf of the food industries, D. E. B. 
Hughes, of J. Lyons & Company, Ltd., describes the 
impact of this and subsequent legislation on present 
standards of quality control designed to ensure the 
cleanliness, wholesomeness, and safety of processed 
foods. Dr. Norman C. Wright, Deputy Director Gen- 
eral of the Food Agricultural Organization, describes 
the international aspects of pure-food legislation not 
only in the United Nations agencies but also in vari- 
ous European and Latin-American organizations. He 
discusses the problem of establishing international 
agreement or at least some degree of uniformity in 
standards of identity of foods and in permissive lists 
of food additives. 

Dr. C. A. Morrell, Director of Food and Drug 
Directorate for Canada, Dr. F. H. Reuter, Associate 
Professor of Food Technology of the University of 
New South Wales, and Dr. G. P. Larrick, U. 8S. Com- 
missioner of Food and Drugs, report on various 
aspects of food law enforcement in their respective 
countries. Of especial interest to those concerned with 
federal vs. state controls is Professor Reuter’s detailed 
account of the efforts to unify pure-food legislation 
between the States and the Commonwealth of Aus- 
tralia, which involved the active participation of the 
Couneil of Australian Food Technology Associations. 


Commissioner Larrick, like several other speakers, 


draws attention to some of the difficulties connected 
with enforcement of the new laws regulating pesti- 
cidal residues and food additives, particularly when 
suitable analytical methods are lacking. 

The compilation of papers concludes with a plea by 
Professor Alastair C. Frazer, University of Birming- 
ham, for better integration of food research having in 
mind the nutritional needs not only of populations 
subsisting on marginal or submarginal diets but those 
depending to a large extent on processed foods, citing 
flour as an example. Certainly borne out by recent 
experience in the U. 8. is his observation that ‘‘If 
legislation runs ahead of available facts, difficulties 
are bound to arise.’ 

The governmental and scientific bodies that spon- 
sored the Food Law Centenary are to be commended 
for focusing attention on this historic landmark and 
for providing the opportunity for an international 
exchange of experience among those dedicated to pro- 
tecting and improving man’s food. It is gratifying 
that the addresses of the distinguished participants 
in the Conference have been recorded for the benefit 
of present and future food scientists, educators, and 
administrators. 


BERNARD L. OSER 


Foops Wirnout Faps. E. W. McHenry, J. B. Lip- 
pincott Company, East Washington Square, Phila- 
delphia, Pa., $3.50. 

The book, designed to bring food facts to the public, 
is simply written for the layman. It deals with the 
basie foods and their contributions to a balanced diet. 
Dr. McHenry has discussed good nutrition and the 
selection of foods taking into consideration factors 
such as economic, customs, and religious precepts in 
the foundation of balanced diets. Special food prob- 
lems encountered in the obese, the young, the aged, 
and in disease are considered. The pros and cons of 
vitamin supplementation are discussed in the chapter 
‘Food or Pills.’” A warning is given on the danger 
of large excesses of vitamins A and D. Dr. McHenry 
feels that, in general, ‘‘It pays to eat wisely, and not 
spend money on pills.’” A balanced diet contains all 
of the essential nutrients except vitamin D, which is 
needed by babies, children, adolescents, and expectant 
mothers during the second half of pregnancy. 

The chapter ‘‘Food Nonsense is a Nuisance’’ deals 
with fad diets compounded by ‘*alleged’’ experts. 
Many of these experts have had little or no training 
in nutrition at the university level. 

Dr. MeHenry concludes that ‘*‘ Helpful meals help 
to attain and maintain health at any age. Food in- 
take is not the only factor involved in the main- 
tenance of health: it is one factor which we don’t need 
to neglect. Good food selection means food meals. 
Good meals are worth eating.’’ We agree. 


GLADYS A. EMERSON 
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Only the Jinest coconuts compare 


flavor Webb 


Tropical coconut is one of the many flawless, synthetic food flavors by Webb. It is 
available in several liquid forms, and spray-dried, to suit all applications. For samples, 
and information about any of the Webb specialty flavors (such as coconut, banana, 
pineapple), or the wide variety of standard flavors, please call or write Webb. Food 
flavor specialists for over 50 years. 


STIMPSON AVENUE AND STILES STREET, LINDEN, NEW JERSEY 
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Winner to Be Named Soon 


Members of the Institute of Food Technologists are 
invited to submit their choice now, for the 1962 Food 
Technology Industrial Achievement Award. The sim- 
ple procedure consists of sifting out in your mind, 
all recent products or processes which could be con- 
sidered worthy of the honor—either within or out- 
side of your Organization or Institution. 

Next step is determining whether or not the product 
or process qualifies for the Award. Does it offer a 
significant advance in the application of Food Tech- 
nology to food production? Has it been successfully 
applied in actual commercial operation for at least 
six months, but not over four years from this month? 

This should eliminate several, and when your de- 
cision is final, submit your Nomination in letter form 
including the following: 


A. Name of Company or Institution 

3. Name of Product and/or Process 

C. Deseription of Product or Process 

D. Statement or reason for considering this a meri- 
torious achievement. 

E. Statement listing individuals chiefly responsible 
for the achievement and their individual con- 
tributions 

FE. Statement indicating the time and extent of 

commercial utilization 


1962 Food Technology Industrial Achievement Award 


Nominations must be limited to an absolute maxi- 
mum of three single-spaced typewritten pages. 

The Company or Institution winning the Food 
Technology Industrial Achievement Award will be 
presented a bronze Plaque plus, insofar as possible, 
public recognition at the time of presentation during 
the 22nd IFT Annual Meeting at Miami Beach in 
1962. Furthermore, the individual(s) chiefly re- 
sponsible for the product or process, either through 
basie research or development, will each be presented 
with an engrossed plaque and be given publie reecog- 
nition for his achievements. 

While the Award is available each vear, such high 
standards of merit are expected that the following is 
included in the rules governing it: “‘It is, therefore, 
not anticipated that a suitable meritorious subject 
will be found every year. It is accordingly the pre- 
rogative of the Awards Jury to pass or postpone the 
Award whenever in the judgment of the Jury none 
of the nominations fully meet the high standards of 
achievement for which this Award is established.”’ 

Upon completion of your Nomination, submit it to: 
INSTITUTE OF Foop TECHNOLOGISTS 

176 West Adams Street 


Chicago 3, Illinois 


DEADLINE FOR RECEIPT—December 1, 1961 


Sept. 19-22 Food Science Conference, C.S.1.R.0., North 
Ryde, N.S.W., Australia 

International Conference on Fish in Nutri- 
tion, Washington, D. C. 

American Hotel Association, Washington, 
D. C. 

Baking Industry Exposition, Convention Hall, 
Atlantic City 

National Association of Food Chains, Palmer 
House, Chicago, Illinois 

National Packaging Forum of Packaging In- 
stitute, Biltmore Hotel, New York City 
Second International Congress of the Inter 
national Organization for Vacuum Science 
and Technology, Washington, D. C. 

European Federation of Chemical Engineering 
Symposium on Food Technology, Frankfurt 
Main, Germany 


Oct. 19-20 


Oct. 19-20 
Oct. 23-28 First Inter-American Congress of Chemical 
Engineering, San Juan, Puerto Rico (write 
Institute of Chemical Engineers of Puerto 
Rico, P. O. Box 47, Rio Piedras, Puerto Rico) 
American Dietetic Association, Jefferson 
Hotel, St. Louis 


Symposium on Freeze-drying, London 


Oct, 24-27 


Coming Events 


An open invitation is extended to readers of Foop TECHNOLOGY to send in to the Editorial Office, P. O. Box 164, Davis, California, 
notices of annual or national meetings of interest to food technologists 


Oct. 28-31 National Automatie Merchandising Assn. Con 
vention and Exhibit, Chicago, Dlinois 
Nov. 5-8 National Frozen Food Association, Bal Har- 


bour and Americana Hotels, Miami Beach 

National Hotel Exposition, Coliseum, New 

York City 

Nov. 12-15 Air Conditioning and Refrigeration Institute, 
Homestead Hotel, Hot Springs 

Nov. 15 sritish National Association of Wholesale 

Distributors of Frozen Foods—Annual Lunch, 

Trocadero, London 

28th Exposition of Chemical Industries, New 

Dee. 1 York Coliseun 


Dee. 1-3 National Automatic Merchandising Assn. 
Western Conference and Exhibit, Los An- 
geles, California 

1962 


Institute of American Poultry Industries’ 
33rd Annual Fact Finding Conference; Mu- 
nicipal Auditorium, Kansas City, Missouri 


Feb. 9-11 


May 10-12 International Symposium on Food Protection, 
Department of Dairy and Food Industry, 
Iowa State University, Ames, lowa 

June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 
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People 


United Fruit Company has 
named Howard L. Stier to the 
newly created position of Director 
of Quality Con- 
trol, with head- 
quarters at the 
Company ’s Gen- 
eral Office, in 
Boston. A native 
of Delmar, Del- 
aware, with de- 
grees in Horti- 
eulture and 


af Physiol- 
H. L. Stier Plant Physio 


has followed a career as a research 
administrator, statistician, and 
edueator. He comes to this new as- 
signment from the National Can- 
ners Association, where, for the 
past ten years, he was Director of 
the Division of Statistics, which 
involved economic and marketing 
studies, quality control, and the 
experimental data. 
While at NCA he also served as a 


analysis of 


ogy from the 
University of Maryland, Dr. Stier 
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professorial lecturer in managerial 
statistics and quality control at 
George Washington University. 


Prior to his association with Na- 
tional Canners, Dr. Stier was Pro- 
fessor of Marketing and head of the 
department at the University of 
Maryland, College of Agriculture. 


D. M. Doty C. F Niven, Jr. 

Promotion of two long-time mem- 
bers of the staff to top positions 
at the American Meat Institute 
Foundation has been announced 
recently by Homer R. Davison, 
President of the Foundation, and 


Chancellor George W. Beadle, Uni- 
versity of Chicago. 

Dr. Delbert M. Doty, a member 
of the AMIF staff since 1948 and 
an associate director of research 
and education there since 1956, has 
been named AMIF Director of Re- 
search and Education. In his new 
assignment, Dr. Doty assumes ad- 
ministrative direction of the AMIF. 
Dr. Doty had all his academic 
training at Purdue University, 
from which he received his Ph.D. 
degree in agricultural chemistry. 
Before joining the Foundation 
staff in 1948 as chief of the divi- 
sion of analytical and _ physical 
chemistry, he served in various po- 
sitions on the staff of the Purdue 
Department of Agricultural Chem- 
istry, ineluding duties as acting 
head as well as associate professor 
and assistant chief of the depart- 
ment. 


Dr. Charles F. Niven, Jr., is the 
new Scientifie Director. Dr. Niven 
became chief of the AMIF division 
of baeteriology when research op- 
erations began at the Foundation 


FOR TECHNICAL HELP... 


In addition to supplying you with high quality choco- 
late flavorings and coatings, your Man From Blumen- 


thal will gladly: 


1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special serv- 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 
special types of chocolate. 

. Refer your problems to one of our consultants spe- 
cializing in technical problems. 
. Conduct research on new ideas suggested by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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Old King Cole is a merry old soul 


And no wonder he feels that way 


‘The foods and the cheeses that fill his bow! 
Keep fresh with GORBISTATZK J 


FOODS STAY FRESH and “fit for a king” far 
longer when protected with SORBISTAT-K 
(potassium sorbate, Pfizer). This safe, effi- 
cient inhibitor of mold and yeast growth 
has little or no effect on the taste, and is 
proving highly successful in a variety of 
modern food products. 


Some examples: fresh fruit cocktails o 
high moisture cake © cake fillings and 
icings © fruit pie fillings o cheeses o 
fountain fruit syrups © chocolate syrups 
© prepared salad © pickles o dietetic 
jams and jellies o smoked and pickled 


fish 0 wine o dried fruits. 


SORBISTAT-K is readily soluble in 
water. You can prepare up to 50% solu- 
tions for sprays, dips and metering. 


FOR APPLICATIONS WHERE WATER 
SOLUBILITY IS NOT A FACTOR Pfizer 
now offers new, improved SORBISTAT® 
(sorbic acid, Pfizer). SORBISTAT is a free- 
flowing product that dissolves readily in 
oil and fat media and can be mixed easily 
in dry form with other dry food ingredients. 
It has an extremely low moisture content. 


Please send me Technical Bulletin #101, 
“Sorbistat®—Sorbistat®-K’’ 


NAME 
TITLE 
COMPANY 
ADDRESS 
CITY STATE 


FT 


Science for the world's well-being 


Chas. Pfizer & Co., Inc., Chemical Sales Division, 630 Flushing Ave., Brooklyn 6, N. Y. 
Branch Offices: Clifton, N. J.; Chicago, lll.; San Francisco, Calif.; Vernon, Calif.; Atlanta, Ga.; Dallas, Tex.; Montreal, Canada 
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in 1947, and was appointed an as- 
sociate director in 1956. He will 
supervise the activities of a staff 
of 40 scientists. Dr. Niven did his 
undergraduate work at the Uni- 
versity of Arkansas and received 
his Ph.D. degree in bacteriology 
from Cornell University. After 
several years on the faculty at Cor- 
nell he was bacteriologist for Hiram 
Walker & Sons, and joined the re- 
search staff of the American Meat 
Institute in 1946. Sinee 1953 Dr. 
Niven has served successively as as- 
sistant and then associate director 
of research. 


Two scientists have been added 
to the Lipton Research Organiza- 
tion, according to Dr. Roy E., 
Morse, Director of Technical Re- 
search for Thomas J. Lipton, Ine. 
Francis Zientara, at present work- 
ing for his master’s degree at 
Brookivn Polytechnic Institute, 
Lipton from Schwartz 
Laboratories’ brewing technology 
section. He is a graduate of Ford- 
ham University with a B.S. degree 
in chemistry and has taken addi- 
tional courses at Columbia Univer- 
sity. Warren Wong, formerly in 
the biochemistry and flavor section 
of General Foods research depart- 
ment, has been assigned to carbo- 
hydrate studies. Mr. Wong holds 
a B.A. degree in chemistry from 
Rutgers University. 


comes to 


Valentine H. Fischer, vice-presi- 
dent of Dodge & Oleott, Ine., an- 
nounces his retirement after 44 
years with the 
firm. Mr. Fis- 
cher is an au- 
thority and 
prominent 
world trader in 
the essential oils 
and spice mar- 
kets. He is for- 
mer president of 
the E.0.A. and 
is an active 
member of the IFT and other 
allied associations. 


V. H. Fischer 
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Ernest Wolf has been appointed 
Development Manager of Charles 
H. Kline & Company, Inc., Pomp- 
ton Lakes, New 
Jersey. He was 
formerly man- 
ager of chemical 
sales for the In- 
ternational Di- 
vision of Bax- 
ter Laboratories, 
Ine., and coordi- 
nator of com- 
mercial develop- 
ment for Bax- 
ter’s Wallerstein Company divi- 
sion. Before coming to Baxter in 
1959, he was with the Olin Mathie- 
son Chemical Corporation, working 
in areas of chemical research and 
commercial development. Mr. Wolf 
received a B.S. degree from Queens 
College, Flushing, New York, an 
M.S. degree in organic chemistry at 
Purdue University, and an M.B.A. 
from the University of 


Ernest Wolf 


degree 


Buffalo. 


H. R. Goff, President of James 
Dole Engineering Company, re- 
cently announced the election of 
Dr. Roger Lueck to the Board of 
Directors. Dr. Lueck, a Charter 
Professional Member of the IFT, is 
Vice-President of American Can 
Company in charge of research, 
machinery development and new 
produets, and has his office in New 
York City. 


Industry News 


BRITISH KIPPERS 
TO MOSCOW 


A refrigerated truck containing 
2,000 pairs of kippers drove the 
2,000 miles from London to Mos- 
cow to provide the recent British 
Trade Fair in Moscow with this 
British specialty. This delivery 
was part of a promotion to open up 
the Soviet food market for this 
particular item. It was sampled by 
officials of the Soviet Food Min- 
istry. 


LEAF PROTEIN MILK 
PLANT IN JAMAICA 


A machine for extraction of pro- 
tein from the leaves of tropical 
plants is being constructed in Ja- 
maica, West Indies. It is the result 
of more than 20 vears of research 
on leaf protein extraction, primar- 
ily by Dr. A. J. Pirie, Rothumsted 
Research Institute, U. K. 

The extracted protein is to be 
used as an additive in both human 
food and animal feeds. The plant 
is being erected by the University 
College of the West Indies under 
supervision of the Scientific Re- 
search Couneil of Jamaica. 

The unit is designed to be mobile 
so as to take maximum advantage 
of the varying tropical vegetation 
of the 4,400-square-mile island. It 
will produce 20-80 Ib of protein 
from one ton of leaves or grass in 
an hour, 


STREAMLINED JAM 
PROCESSING IN U.K. 


A number of operations have 
been combined by the British ma- 
chine industry of Robert Kellie and 
Son, Ltd., in order to facilitate 
automation in jam _ production. 
The key machine in the finishing 
line is the Kellie Hydroseal, a steri- 
lizer and cooler with an intake of 
120 jars per minute and a holding 
capacity of 4,350 jars. The com- 
bined sterilization, formation of 
vacuum, and cooling takes 33 min- 
utes. The Hydroseal is lined up 
with filling and capping machines 
at the finishing end with a jar- 
drying conveyor and a labeling 
machine. Sueh a processing line 
allows a factory to have cartons 
of jam ready for dispatch 55 min- 
utes after the fresh fruit is re- 
ceived. (Food Manufacture 36 (5), 
197-198. ) 


GAS STORAGE FOR 
BLACK CURRANTS 
Black currant juice has become, 


next to apple juice, the dominant 
fruit juice of Europe. This ex- 
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STARCHES and SYRUPS 


Keep your product in her cart 
... week after week 


Corn starches and syrups are time-tested, nourishing, 
economical carbohydrates. They’ve long been used 
and accepted as foods and food ingredients. They 
may be the answer to problems you have resulting 
from recent legislation regarding foods because: 


In addition to being time-tested, nourishing, economi- 
cal carbohydrates, corn starches and syrups can pro- 
vide valuable functional properties as: 


Stabilizers - Emulsifiers - Binders Humectants 
* Bland sweeteners + Texturizers + Preservatives 
(of natural body and color) + Thickeners (for 


Call the Man from Hubinger 
... his service is freely avail- 
able. Write, wire or phone 
today. 


consistency control) - Sugar Crystalization control 
Coatings—Glazes 


CORN STARCH is ideal for baking, baking powder, 
es meats, mustard, salad dressing, custards, pudding, 
canned soups, etc. 


CORN SYRUPS are used in mixed syrups, infant foods, 
preserves, jams, jellies, baked beans, sausage and cured 

A Stay meats, frozen and canned fruits, frozen deserts and 
many other products. 


CORN SYRUP SOLIDS are widely used in ice cream, 
baked goods, frozen fruits, dry food mixes, jams, jellies, 
table ready and canned meats, to mention just a few. 


Whatever you may be processing OK BRAND corn 
syrups or starches will help you keep your product 
in her cart week after week. 


THE HUBINGER COMPANY 


Keokuk, lowa 


NEW YORK + CHICAGO + LOS ANGELES + BOSTON + CHARLOTTE + PHILADELPHIA 


You can depend on HUBINGER...fast shipment by rail...prompt delivery by truck 
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plains extensive studies made on 
the handling of this particular 
berry. Storage tests under varying 
conditions have recently been re- 
ported on by the Ditton Labora- 
tory, England. The degree of mold 
contamination was assessed. Re- 
sults indicated that a high concen- 
tration of carbon dioxide in the 
storage atmosphere greatly _re- 
tarded the development of fungal 
organisms. Black currant could be 
stored satisfactorily for at least 8 
weeks under such conditions. By 
such means, it is therefore possible 
to lengthen the period during 
which fresh black currants are 
available to jam and juice manu 
facturers. 


A DANISH PECTIN 
FACTORY—WORLD’S 
LARGEST EXPORTER 


A/S Kgbenhavns Pektinfabrik 
started in 1934 as a fruit preserves 
factory in Copenhagen, pectin for 
manufacture being imported from 
the U.S.A. and Germany. Two 
years later, however, the company 
decided to produce its own pectin, 
and other plants soon became 
buyers. In the post-war period a 
substantial market was 
abroad for this Danish pectin. The 
factory moved to Lille Skensved, 
near Kgge, and today the company 
is the largest pectin exporter in the 
world, 95% of the production being 
exported. The U.S.A., although 
accounting for about half of the 
world’s large pectin factories, is 
nevertheless the greatest buyer of 
Danish pectin. 


created 


Jam and confectionery factories 
take about 90% of the world pro- 
duction of pectin. It is also used, 
among other things, as a stabilizer 
in ice cream. 

The Danish pectin plant is con- 
stantly carrying on research to 
improve production methods. A 
complete pilot plant has been es- 
tablished, permitting the testing of 
all phases of the manufacturing 
processes. A series of experiments 
with a new centrifuging and filter- 
ing technique based on a fully 
automatic process is just reported 
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as concluded. A new steam plant, 
fractionating column, and vacuum 
evaporation system are being in- 
stalled in the plant after careful 
pretesting. 

New laboratories are now being 
built, and the research teams ex- 
panded to develop new products 
and production methods as well as 
carrying out basic research. (Food 
Manufacture 36 (6), 250-256.) 


BRITISH BAKING 
RESEARCH EXPANDED 


The British Baking Industry in- 
augurated an added wing to its 
research laboratories at Chorley- 
wood in May of this year. The new 
building consists of a two-story 
building. Its main features are a 
pilot-seale biscuit bakery and sev- 
eral new devices for applied re- 
search. Among these are a forced 
convection traveling oven and a 
rotary biscuit eutter. The biscuit 
section is thus equipped to study 
most phases of the manufacture of 
both hard and soft biseuits. 

A Buhler experimental mill en- 
ables the institute to mill its own 
samples of flour from selected 
wheats and thereby tackle prob- 
lems concerned with the composi- 
tion of the lipid and protein frac- 
tion of flour. A new microbiology 
laboratory in this wing is provided 
with separate rooms for steriliza- 
tion. This seetion is provided with 
dust-free atmosphere, through spe- 
cial filtering equipment. The old 
part of the building houses the sec- 
tions for organic and physical 
chemistry. The new wing also ac- 
commodates special offices devoted 
to the application of scientific and 
technical findings in the baking in- 
dustry. The task is also to spot and 
assess problems of the industry that 
require research attention. 


REFRIGERATION PROGRAM 
FOR YUGOSLAVIA 
refrigeration program, to- 


gether with details of required 
equipment, has been announced in 


Yugoslavia. The present capacity 
for refrigerated food storage, in 
1,000-ton units, is for Serbia 24.4, 
Croatia 9.1, Slovenia 5.0, Bosnia 
and Herzogovina 4.76, Macedonia 
7.5, Montenegro 0.7; a total! of 51,- 
540 tons or 209,000 m.‘, plus a 
further 71,000 m.* for the beer and 
wine industries. Of the total 
amount of foodstuffs produced in 
1965, about one fourth (2,230,000 
tons) will need refrigeration, i.e., 
a eold-storage capacity of 820,000 
m.* is needed. This means a con- 
siderable expansion in the pres- 
ently available refrigerated storage 
space, which does not meet the 
needs. (Simonéié, J., 1960, Refrig- 
eration in Yugoslavia (In German ) 


Kaltetechnik No. 11, 339-340.) 


The development of a new in- 
dustrial rust and scale remover and 
stainless-steel cleaner is announced 
by Berman Chemical Company. 
Known as ‘‘Bull Frog’’ Seale Off 
No. 104, the product comes in dry 
powder form and is manufactured 
for the cleaning of kettles, cookers, 
evaporators, hoppers, and food 
pipelines. Literature may be ob- 
tained from Berman Chemical 
Company, 1795 No. 12th Street, 
Toledo, Ohio. 


Effective at the close of business 
July 12, 1961, the C. H. Musselman 
Company merged into the Pet Milk 
Company. With the addition of 
Musselman, Pet Milk Company an- 
nounces that it will operate more 
than 75 plants throughout the na- 
tion and in Canada, and have an 
annual sales volume in excess of 
$220,000,000. Pet now has four 
major operating divisions: The 
C. H. Musselman Company Divi- 
sion, Food Products Division, Pet 
Dairy Products Company Division, 
and Pet Milk Company (Canada), 
Ltd. 


Durkee Famous Foods announces 
that an agreement for development 


— 


A single FMC “Sterilmatic’’* Continuous Pressure 
Cooker and Cooler Line, for example, handles 360 
No. 303 cans of brine corn per minute — sterilizing 
and cooking by the “in-can” method with safety 
and uniformity. Cans are transferred automatically to the 
pressure cooling shell and discharged onto the take-away 
conveyor at the rate of more than 500,000 cans per 24-hour 
peak season day. 

Processors who have replaced old-fashioned batch retorts 
with FMC “Sterilmatic” Continuous Pressure Cooker and 
Cooler Lines, have practically eliminated the costiy dangers of 
spoilage or contamination caused by incorrect retort opera- 
tion, faulty equipment, improper piping, improper venting and 
timing procedures. With FMC “Sterilmatic,” processors are 
virtually assured of a perfectly processed pack—every time. 


WHY FMC “STERILMATIC” COULD BRIGHTEN 
YOUR PROFIT PICTURE 


CONSTANT QUALITY-— The controlled agitation process 
assures that products w:"! be cooked and cooled with absolute 
uniformity to pre-determined quality standards. 


COMPLETE STERILIZATION —“In-can” cooking method 
means that contents and containers are sterilized simultane- 
ously —at temperatures up to 275° F. The high-temperature, 
short-time processing of FMC “Sterilmatic” Lines preserves 
the natural color, flavor, texture and nutrients of the product. 


POSITIVE CAN HANDLING - Cans are positively con- 
trolled throughout. Can denting, a common problem in retort 
operations, is practically eliminated. 
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CANS PER DAY 


SCIENTIFICALLY AND AUTOMATICALLY 
PROCESSED TO PERFECTION... 


--- ARE YOURS? 


FASTER PROCESSING — Induced convection heating 
through agitation increases the rate of heat penetration, 
resulting in substantial reductions of over-all processing time. 
Conversely, the same principle applies in the cooling process. 


LOWER OPERATING COSTS — The “One-Man Cook 
Room” is a reality with FMC “Sterilmatic’’ Lines. The absence 
of repeated venting procedures saves up to 50% in steam. 
Controlled counterflow cooling of cans keeps water consump- 


tion to a minimum. 


For more than 35 years, FMC “Sterilmatic” Continuous 
Pressure Cooker and Cooler Lines have been serving the food 
processing industry, providing faster, safer processing and 
money-saving benefits for satisfied users. FMC is ready to 
give you — without obligation on your part — proven facts, 
figures and plans that could lead you to greater profit pos- 
sibilities. Why not contact us today? 


Dedicated to serving the food industries through better 
equipment for better food products 


*Trade Mark—Reg. U.S. Pat. Off. 


Putting Ideas to Work 


FOOD MACHINERY AND CHEMICAL 
CORPORATION 
Canning Machinery Division 


Generali Saies Offices: 
WESTERN: SAN JOSE, CALIF. « EASTERN: HOOPESTON, ILL. 
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a little 
cme 
makes a 


FROZEN 


CHERRY PIE 


difference 


Processors of frozen fruit pies find that a little Hercules Cellulose 
Gum, purified CMC, in the fillings makes a big difference. Hercules 
Cellulose Gum is used in these items, such as this cherry pie, because 
it makes it easier to control viscosity and gives the pies freeze-thaw 
stability. At the same time, cellulose gum combined with the starch 
thickens juices to the proper consistency for han- 

dling and eating; prevents floating or settling of the 

% fruit; and contributes to more desirable gel texture. 

The filling will be clearer and brighter and show the 


fruit to best advantage. 


For better frozen pies and constant formulations 
next time try a little cellulose gum. It makes a big 
difference. 


For details write to Hercules. 


Hercules* Cellulose Gum 


vC61-2 


HERCULES POWDER COMPANY 


nCORPORATED 


Hercules Tower, 910 Market Street, Wilmington 99, Delaware 
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and marketing of a new safflower 
margarine oil has been entered into 
by The Glidden Company and the 
Pacific Vegetable Oil Corporation, 
San Francisco. Pacific Vegetable 
Oil will provide an assured source 
of safflower oil, and Durkee will 
produce and market the margarine 
oil, the announcement said. 


National Honey Week will be ob- 
served throughout the United 
States and Canada from October 
23 to 29. Stores will be stocked 
with comb honey, liquid or ex- 
tracted honey in various sizes of 
containers, finely crystallized hon- 
ey of creamy consistency, cut comb 
and chunk honey. Theme for the 
week is ‘‘Enjoy Honey Every 
Day.”’ 


A new 48-page booklet, deserib- 
ing the properties and uses of or- 
ganic acids and anhydrides, has 
been published by Union Carbide 
Chemicals Company. It contains 
data on acetic, propionic, butyric, 
2-ethylbutyric, 2-ethylhexoic, acryl- 
ic, sorbic, valeric, and isodecanoic 
acids ; acetic, propionic, and butyr- 
ic anhydrides. Included is infor- 
mation on physical properties; 
constant-boiling mixtures; speci- 
fication limits, test methods; stor- 
age, handling, and shipping; toxi- 
ecological properties; and selected 
literature references. For further 
information, write Union Carbide 
Chemicals Company, 270 Park 


Avenue, New York 17, New York. 


Archibald & Kendall Inc. an- 
nouneces the merger of Kearns & 
Smith Spice Company, Chicago, 
with Archibald & Kendall Ine., 
New York. No changes in the 
management and policies of the 
two merged companies are con- 
templated, and they will continue 
distribution of their ‘products 
under their brand names. 


Dimensional stability, reduced 
cost, and lower density are the 
features of a new urethane insu- 
lating foam described in a bulletin 
published by Nopco Chemical Com- 
pany. The bulletin describes the 
material, provides information on 
advantages, mixing, and K-factors, 
and illustrates results of low- 
temperature tests on conventional 
foam and the new formulation. It 
also furnishes a listing of physical 
properties including densities, 
strengths, thermal conductivity, 
and dimensional stability figures. 
Copies may be obtained by writing 
Plastics Division, Nopeo Chemical 
Company, 175 Schuyler Avenue, 
North Arlington, New Jersey. 


A new 4-page folder covering 
the complete line of Blower Units 
manufactured by Systems Engi- 
neering and Manufacturing Com- 
pany has just been released. The 
literature covers both low- and 
high-pressure models, including 
schematie drawings, specifications, 
and standard model designations, 
together with operating and main- 
tenance instructions. Write Sys- 
tems Engineering and Manufactur- 
ing Company, Inc., P. O. Box 7634, 


Houston 7, Texas. 


Certified Midnite Black Shade, 
the first true black color with U. S. 
Food & Drug Administration cer- 
tification, has been developed by 
the Bates Chemical Company for 
eandy manufacturers and other 
food-color users, Guy C. Bates, the 
firm’s president, announced re- 
cently. The new Bates mixture, 
composed of FD&C primary colors, 
is water-soluble. For samples and 
additional information, write Bates 
Chemical Company, Lansdowne, 
Pennsylvania. 


Elion Instruments, Inc., has an- 
nounced the completion of the 


DEM No. 301 Electron Microan- | 


alyzer. The unit was developed to 
examine and identify submicro- 


solution metering pump... 
with high repeatability, 
pre-calibrated accuracy, 
corrosion resistance 
in four ml/min. ranges 


Now add liquids with precision! The new 
Beckman pump assures repeatability 
to better than +0.5% of rated capacity. 
A simple dial setting controls flow 
accurate to +2% of pump’s full range. 
Unit disassembles in two minutes for 
cleaning or sterilization. Highly inert 
internal components prevent contami- 
nation of pumped fluids and permit 
handling of highly corrosive materials. 
Mechanically actuated valves assure 
leak-free performance at low pressures. 
The Solution Metering Pump, avail- 
able in 0-2, 0-5, 0-10, and 0-20 ML/MIN. 
ranges, is ideally suited for reaction 
rate studies, drug infusion in animals, 
pilot plant work, reagent addition, and 
many other laboratory and process 
plant applications. For additional infor- 
mation, contact your Beckman labora- 
tory apparatus dealer or write for Data 
File 84-9-09 


SCIENTIFIC AND PROCESS 
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now 
less than 1 
$2,000 
buys 
resolution 
like this: 


240 250 260 270 


SAMPLE: Benzene Vapor 

REFERENCE: Air 

PATH: I cm 

SLIT: 0.04 mm. (manual) 

SCANNING SPEED: 10 mu/min 

CHART SPEED: 1 in./min 

WAVELENGTH REGION: 230 mu— 270 mu 


© Wavelength range of 205-770 mu Rarely has a new instrument received such immediate and wide- 
e Resolution to 5 A in the ultraviolet spread acceptance. In less than two years, the double-beam Beckman 
e Stray light <0.1% at 220 mu DB* Spectrophotometer has established itself as the finest, most 
e Extreme ease of operation dependable instrument in its spectral range at, or even near, its 
e Direct reading or ratio recording price. Experience with the DB has led a number of larger institu- 
(with recorder) tions to re-order the instrument in multiple quantities. Others are 
e Differential analysis buying their first DBs on the basis of demonstrations, word-of- 
e Flame photometry mouth testimonials and benefits such as these listed. 


e@ AC line operation 
e Photometric scale expansion 

r Compactness (oniy 14x29") 
e@ Low cost 


For full details, see your Beckman laboratory apparatus dealer or 
write for Data File 84-.9-03. 


INSTRUMENTS, INC 


SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 
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CONVENIENCE FOODS 


SP I SOSEAL seasonings 


represent a new spice form developed by 
D&O uniting the ultimate in flavor with 
the most advanced flavor technology. No 
competitive product equals SPISOSEALS: 
unsurpassable shelf-life, guaranteed flavor 
stability, instant flavor release, complete 
and uniform dispersibility. 


We feel you will find SPISOSEALS to be 
the perfect seasoning. We unreservedly 
recommend their use in your entire line of 
convenience foods . . . from chicken cas- 
seroles to instant potatoes, from chow mein 
dinners to frozen pies. Try SPISOSEALS 
in your products. 


Write for copy of SPISOSEALS brochure: D&O 
Dry Materials Division, 249 Goffle Road, Haw- 
thorne, New Jersey. 


SPISOSEALS are speciaily blended encapsulations 
of quality natural spice extractives. They provide 
locked-in flavor protection against volatilization and 
oxidation. SPISOSEALS are non-hygroscopic and 
blend readily without premixing: convenient season- 
ings for convenience foods. 


Dodge & Olcott Inc. 


FLAVOR BASES 
ESSENTIAL OILS 
AROMATIC CHEMICALS 
DRY FLAVORINGS 
AND SEASONINGS 
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scopie particles as small as one- 
tenth of a micron in diameter. The 
new microanalyzer is said to be the 
largest and most important product 
yet developed by the firm. It is 
currently priced at $68,000. For 
additional information, write Elion 
Instruments, Ine., 430 Buckley 
Street, Bristol, Pennsylvania. 


Niagara Blower Company an- 
nounces the development of ‘‘No- 
Frost’’ Refrigerating Units, de- 
signed for use in automatie contin- 
uous-production chilled-air quick- 
freezing of food products and pre- 
pared food specialties. Refrigerant 
temperatures may be minus 35°F 
or lower, and multiple-unit instal- 
lations are sized to fit any freezing 
operation, according to the an- 
nouncement. For further informa- 
tion, write Niagara Blower Com- 
pany, 405 Lexington Avenue, New 
York. 


Armour & Co. 
nounced plans to build a food re- 
search laboratory in Oak Brook, 
Illinois, a Chicago suburb. The 
facility will include an analytical 
laboratory, taste testing laboratory, 
packaging materials section, tech- 
nical library, three pilot plants and 
research bakery. It is anticipated 
that one hundred scientists and 
technicians will work toward de- 
veloping new and improved meat, 


recently an- 


dairy, poultry, and _ shortening 
products. Research will range 
from basic investigation of the 


chemistry of proteins and fats to 

pilot plant studies of food manu- 

facturing processes. Occupancy is 
scheduled in about a year. 

Dr. Charles Edward North, bac- 

teriologist and dairy industry sani- 

tation pioneer, died in Montelair, 


N. J. July 27th. He would have 
been 92 years old the following 
day. Dr. North’s early work in 


the dairy industry aided in estab- 
lishing sanitation standards ered- 
ited with virtually eliminating in- 
fant mortality due to raw milk. 
His work was said to have revolu- 
tionized the standards of sanita- 
tion in that field and to have con- 
tributed to modern milk supply 
purification techniques. Survivors 
include his widow, Amelia; a son, 
Charles, and four daughters. 


FORMULA FOR 
PROFITABLE 
OPERATION 


FOOD 
DRYERS 


by 


SARGENT 


For Labs, Pilot Plants 
and for 
Volume Production 


The small dryer (at right) is highly suc- 
cessful in Labs, Pilot plants, and for com- 
paratively small scale or intermittent 
production. Extruder, dryer and cooling 
section are all in one compact, econom- 
ical, space-saving unit. 


The 14-section, 2-stage dryer (above) is 
engineered for high tonnage per hour pro- 
duction. Extruder, or granulator, together 
with baking and curing and cooling sec- 
tions may be added by incorporating 
the same housing, where desired. Heat 
source for any SARGENT may be gas, 
steam or electricity. Airflow may be up, 
down, or in combination. 


Generally, there are three approaches by a 
company to the selection of a process dryer — 


the engineering, the economic, and the im- 
portant evaluation of the intangibles. We 
firmly believe that SARGENT wil! always be 
found on top from every approach, for many 
reasons, an important one being that our ma- 
chines and our people consistently deliver as 
promised, and more. This is the SARGENT: 


@ A dryer designed for your process, your 
required production. 


@® Rugged construction, trouble-free econom- 
ical operation 


Highest quality, measurably uniform drying. 
Exclusive features for efficiency and safety. 
Heat source — gas, oil, steam, electricity. 


A dryer designed for quick, easy cleanout. 


The bonus economy of the speediest, easi- 
est installation of any machine on the 
market. 


@ Built by a company whose dryers lead the 
field — a company whose long experience 
makes a guarantee really mean something 
— a company that will say, “We stand 


unequivocally behind every machine we 
build.” 


SARGENT equipment is working wherever 
there's a drying process in the food indus- 
try, from milk curd to poultry stuffing and 
protein flour. They may be engineered for 
complete push-button control of the entire 
drying-cooling operation. They are always 
designed for your product and your pro- 
duction. May we tell you more? 


PHILADELPHIA * CINCINNATI * CHARLOTTE * ATLANTA * HOUSTON © DETROIT 
NEW YORK * CHICAGO + LOS ANGELES * TORONTO 


> 
| 
q 
| 
| 
| 
= 
| 
7 
| 
| 
7 
a 
ue 
| q 
| 
| 
| q 
(C. G. SARGENT’S SONS CORPORATION a 
53 
i 


Givaudan offers you 
a complete family of high quality 


IMITATION ESSENTIAL OILS 


always uniform...always available! 


But quality is only one of the many advantages of these Givaudan 
imitation essential oils. They are always uniform in strength and 
aroma...always available in desired quantities...always econom- 
ical and stable in price. Produced domestically by Givaudan with 
materials completely under Givaudan’s control, they provide you 
with a completely reliable domestic source of supply. May we 
demonstrate how accurately they can meet your specific require- 321 West 44th Street 
ments? New York 36, N. Y. 


Givaudan offers you a wide and interesting variety of imitation 
citrus and spice essential oils—each rivaling in strength and qual- 
ity the finest natural oils. WD 
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SITUATIONS WANTED 


Reply directly to ad BY BOX NUM- 
BER (where indicated) via: Executive 
Secretary, Institute of Food Technolo- 
gists, 176 West Adams Street, Chicago 
3, Illinois. 


MARKETING MAN—15 years in Mar- 
ket Development, Market Research, 
Promotion and Sale of food ingredients 
and related materials. Chemical degree 
and administrative experience. Now in 
organic chemicals, want out. Please 
write BOX 892. 


FOOD TECHNOLOGY, SEPTEMBER, 1961 


POSITIONS AVAILABLE 


Reply directly to ads BY BOX NUM- 
BER (where indicated), including the 
company name of your current employer, 
via: Executive Secretary, Institute of 
Food Technologists, 176 West Adams 
Street, Chicago 3, Illinois. 


AVAILABLE: Food Technologist, B.S. 
Purdue 1948. Some graduate work. Ex 
perience canning, carbonated bever 
ages and dairy products. Desire Chicago 


location. REPLY BOX 901. 


ASSISTANT 
PRODUCTION SUPERINTENDENT 
Large food company located in Central 
America has opening for Assistant Pro 
duction Superintendent of canning oper- 
ation. Requires degree in Food Tech 
nology or Engineering and production 
experience with heat processed foods. 
Good knowledge of Spanish essential. 
REPLY BOX 897. 


Mech. Engineer wants position prefer- 
ably at management level. 14 yrs. in 
the milk and food business, with exten- 
sive knowledge on dehydration, complete 
plant ‘ayouts, production as well as 
auxiliary equipment such as refriger 
ation boilers, turbines and diesel motors. 


REPLY BOX 900. 


B.S. degree in Chemistry and Mathe 
maties. 8 yrs. exp. in Statistical Qual 
ity Control and as Governmental Food 
Control Chemist. Some experience with 
meat. Able to handle correspondence 
and personnel. 
duction, technical service or quality con 
trol in South or Southwest. Salary 
$7,000. REPLY BOX 857. 


Desire position in pro 


RESEARCH CHEMISTS 
MILLING INDUSTRY 


Organie chemist; or biochemist; Ph.D. 
degree, recent grad. for basie work on 
the fractionation and identification of 
flour constituents. 

Food Technologist; B.S. degree, re 
cent graduate or up to 3 years experi 
ence for development work on dessert 
prod icts. 

Exeellent career opportunity with ma- 
jor producer of flour. Location in large 
Mid-West city. Salary open. Write 
BOX 886. 


WANTED 
Potential Sales Manager 


Leading Midwestern corn mill 
seeks outstanding young sales- 
man with management poten- 
tial. Successful applicant will 
start in the field, take over 
full responsibility for sales of 
company products to pack- 
aged food industry as soon as 
he has demonstrated 
sary qualifications. College 
degree, knowledge of food in- 
dustry and fine previous sales 
record are essential. Submit 
complete résumé. REPLY 
BOX 902. 


neces- 


Responsible position desired in areas of 
technical sales, sales development, sales 
or product development to food 
Excellent reeord 
fifteen years experience in above fields. 
Major experience in frozen desserts, 
flavors, and syrups. REPLY BOX 899. 


service 


processors. covering 


TECHNICAL SALES REPRESENTA 
TIVE—Position available on East Coast 
for a Technical Sales Representative to 
contact ingredient users of manufac 
tured dairy products. We would like a 
man with some previous experience and 
a B.S. in Food Teehnology or Dairy In 
dustry. Salary $6,000 to $7,500. Send 
résumé. REPLY BOX 893. 


AVAILABLE: Operations Manager, 
Food Technologist, 40, B.S., MBA. 13 
yrs. proven exp. in line management, 
creative product development, Research 
and Quality Control. Ability to run an 
entire food processing operation, direct 
new product development, institute cost 
reduction studies and get results, and 
coordinate consultative services for in 
dustrial, merchandising, and procure 
ment staffs. Presently employed as 
Operations Manager for plant of 50 
people. Excellent references. Salary 
$14,500. REPLY BOX 894. 


AVAILABLE: Food Technologist, 
Exeeutive, Versatile, M.S. Experience 
with Frozen Prepared Foods, Dairy 
Products, Pressurized Foods, Commis 
sary. Age 30. Married. REPLY BOX 
895. 


WANTED: College graduate in bae- 
teriology or food technologist with bac 
teriological interest for research posi- 
tion in canning industry. Loeation: 
Washington, D. C. Travel involved in 
frequently. Experienee with food not 
necessarily essential for applicant. RE- 


PLY BOX 896. 


DIRECTOR RESEARCH 
AND DEVELOPMENT 


(FOODS) 


Sizable Midwest food manufac- 
turer and distributor needs a 
strong technical executive to co- 
ordinate and administer research, 
development, and quality control 
for the corporation. Covers new 
product development, testing, and 
formula modifications for exist- 
ing food products. We require 
experience directing product de- 
velopment for a good company of 
medium size, or assistant director 
in a large company. Must be 
able to work effectively with both 
merchandise managers and oper- 
ating personnel, and to realisti- 
cally appraise products and 
quality levels desired by cus- 
tomers. Advanced degree in 
Food Technology is a must. 
Salary and bonus can be made 
attractive to you. Please give 
full information about your 
background, in confidence. RE- 
PLY BOX 903. 


FOOD TECHNOLOGIST 


Unusual opportunity for responsible 
positions in food process research and 
equipment development with established 
international manufacturer of food 
processing and packaging machinery in 
Northern California. 


Prefer man having Ph.D. or M.S. with 
5-8 years of applicable experience in- 
cluding 
bilities. Knowledge of conventional and 
new food preservation techniques and 
feeding problems is desirable. 
Work will inelude chemical, physical, 
baeteriological and biological problems 


some supervisory responsi- 


space 


of taste, appearance, spoilage, ete. 


Reply should specify education, experi- 
ence, responsibilities and salary history. 


REPLY BOX 898. 


ORGANIC 
CHEMISTS 


Excellent opportunity in mid-At- 
lantic state location for 2 well 
qualified men in the field of or- 
ganic and physical chemistry: 


A. Develop and test coatings for 
continuous application to alu- 
minum substrates. Requires 
background in organic coatings, 
particularly in metal decorating 
field. 


Metal surface preparation 
studies to promote adhesion of 
coatings and inks to metal. Pre- 
fer experience in chemical and 
solvent degreasing, organic and 
inorganic primers for in-line 
cleaning and coating operations. 


Best-in-Industry retirement and in- 
surance plans. Relocation and in- 
terview expenses paid. In confi- 
dential letter give complete details 
on age, education, experience and 
salary required. 


BOX 905 


An equal opportunity employer 
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PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technica! service 
for the food and beverage industries 

We offer thorough, expert advice on food 
problems of ali types, analyses, flavor 
evaluations, product development, and legal 
testimony. Costs are low due to our experi- 
ence and efficient operation and equipment. 
May we send you our brochure? 


SCHWARZ LABORATORIES INC. 
230 Washington St., Mount Vernon, N.Y. 
Phone: MO 4-1100 Cable: Swoknip 


ENZYMES 


and ENZYME Products 
Lipase Enzyme preparations from calf, kid 


goat and lamb animal glandular sources. 
Wi- act” An enzyme modified whole 
ad milk powder for developing 

a rich, distinctive flavor in milk chocolate, 


and chocolate coatings, and for emphasizing 
desirable cheese flavors in dips and sauces. 


@ Write for samples and literature. 


DAIRYLAND FOOD 
LABORATORIES, INC. 


See You in Miami Beach 
for the 1962 

IFT ANNUAL MEETING 

June 10-14, 1962 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write for 
Price List. 


SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Louis 8, Mo. JE. 1-5922 


LABORATORY SERVICES 


Applied Research and Development, Test- 
ing and Consultation @ Food, Feed, Drug 
and Chemical Analyses, Animal Studies, 
Pesticide Screening, Pesticide and Addi- 
tive Residue Analyses 


For eT us and specific work proposals, write 


WARE 


P O Box 2217 . 


WISCONSIN 


Madison 5, Wisconsin 


SPECIALIZED PLACEMENT 
Service For Men 
In The Field Of 
FOOD TECHNOLOGY 


Our clients are—National—Our Serv- 
ice—Confidential—rapid—effective 


Forward a resumé—or, if you have not 
prepared one—mail your name and ad- 
dress for further information to 


TOM WHITE 


DRAKE PERSONNEL, INC. 
29 E. Madison Chicago, Ill. 
Tel. FI 6-8700 


Member: American Council of Independent Laboratories 


| Consultation and Research since 1922] 


and 


Toxicology 

Pharmacology 
Nutrition 

EB esearch Biochemistry 
| Bacteriology 


are 


| BERNARD L. OSER 
Director 
Maurice Avenue 


at 58th St., Maspeth 78 
New York City 
TWining 4-0800 


WHERE EXPERIENCE COUNTS 
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ALUMNI 
RESEARCH 
FOUNDATION 
TRU DAIL 4101 N. Figueroa 
Angeles 65, Calif 
Laboratories, Inc. 
a es, ne. Fr 
CHEMISTS @ ENGINEERS Bille 
BACTERIOLOGISYS | 
Research  ( tion. se Te 


In human identification a fingerprint is regarded as an infallible 
characteristic of the individual. In chemical analysis a substance 
is characterized just as unmistakably by its spectrum. The use of 
spectroscopy as a modern mzans of quality control serves as 

a check on manufacturing and thus guarantees uniform quality. 
Spectroscopy has in addition become an indispensable tool in our 


physico-chemical research laboratories for both research and development. 


DRAGOCO INC. 


Producers of Fine Flavors and Ossences 


KING ROAD -TOTOWA-N. Telephone: Clifford 6-9850 


joarom, Totowa, New Jersey 


q 
ple / t the disposal of Zz 
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WHEN ALL IS SAID AND DONE... 


Flavor It 
With A Favorite, 


+++NOTHING TASTES SO TRUE TO NATURE 


Norda, 


Exclusive Basic Materials for: Candy and Chewing Gum, Dairy Products (Ice Cream and Cheese), Soft Drinks, 
Desserts (Puddings and Gelatins), Meat Products, Syrups, Bakery Products (Cake Mixes, Crackers, Snack 
Items), Pharmaceutical Products, Liquors and Cordials. 


Write on your letterhead for free samples. 
NORDA, 601 W. 26 St., New York 1, N.Y. * Chicago * Los Angeles * Son Francisco * Toronto * Montreal * Havana * London * Paris * Grasse * Mexico City 
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